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81-5x10 lymphocytes f rom u n in fe c te d  mice.
4 -6  Dry w e ig h t  o f  H. d im inu ta  f rom s u r g ic a l  c h a l le nge  194
g
o f  mice r e c e i v i n g  2x10 lymphocytes f rom mice 
i n f e c t e d  21 days p r i o r  t o  c e l l  t r a n s f e r .
4 -7  Dry w e ig h t  o f  H. d im inu ta  f rom s u r g i c a l  ch a l le n g e  196
o f  mice r e c e i v i n g  7x10^ lymphocytes f rom mice 
g iven  a secondary i n f e c t i o n  seven days p r i o r  t o  
ce 11 t r a n s f e r .
4-8 Dry w e ig h t  o f  H, d im inu ta  f rom s u r g i c a l  c ha l le nge  198
g
o f  mice r e c e i v i n g  2x10 lymphocytes f rom mice 
g iven a secondary i n f e c t i o n  seven days p r i o r  t o  
c e l l  t r a n s f e r .
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4-9 Dry w e ig h t  o f  H. d im inu ta  f rom s u r g ic a l  ch a l le n g e  200
o f  mice r e c e i v i n g  1.3x10^ lymphocytes f rom mice 
g iven  a secondary i n f e c t i o n  f o u r  days p r i o r  t o  
c e i l  t r a n s f e r .
4-10  Mean number o f  c e l l s  in  the  m esen te r ic  lymph node 215
o f  NIH mice i n f e c t e d  w i t h  H. d im inu ta  o r  T .  s p i r a l i s .
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SUMMARY
I t  i s  now c o n c l u s i v e l y  e v i d e n t  t h a t  the  i n t e s t i n a l  tapeworm 
HymenolepIs d im inu ta  In the  mouse can e s t a b l i s h  s u c c e s s f u l l y ,  bu t  
is  t h e r e a f t e r  r e je c t e d  by an immunological  mechanism t h a t  is 
t h ough t  t o  be thymus-dependent .  The lack o f  damage to  the  smal l  
i n t e s t i n e  in H, d im lnu ta  i n f e c t i o n  makes t h i s  an a lmost  unique 
and p o t e n t i a l l y  v a lu a b le  model f o r  the  i n v e s t i g a t i o n  o f  i n t e s t i n a l  
immune responses.
The work presen ted In t h i s  t h e s i s  was undertaken t o  more 
f u l l y  c h a r a c t e r i s e  t h i s  h o s t - p a r a s Î t e  system, and the  na tu re  
o f  the  immune response o f  the  mouse t o  H, d im inu ta  was I n v e s t ig a te d  
in  f o u r  d i f f e r e n t  aspec ts .  F i r s t l y ,  the thymus-dependency o f  
the  response was c on f i rm ed ,  and th e  r o le  o f  an t ib ody  in 
the  e x p u ls io n  o f  H. d im lnu ta  in v e s t i g a t e d ;  second ly ,  the source 
o f  the  an t igens  which s t im u la t e  the p r o t e c t i v e  response was 
i n v e s t i g a t e d ;  t h i r d l y ,  a s tudy  was made o f  the  e f f e c t  o f  an 
i n t e s t i n a l  response t o  an u n re la te d  p a r a s i t e  on H. d im inu ta  and 
H. microstoma in r a t s  and mice; f o u r t h l y ,  lymphocytes f rom the 
m esente r ic  lymph nodes o f  i n f e c t e d  mice were t e s te d  f o r  t h e i r  
a b i l i t y  t o  t r a n s f e r  immunity between mice, and t o  m ig ra te  t o  
the  smal l  i n t e s t i n e  o f  i n f e c t e d  mice.
The e f f e c t s  o f  pregnancy and l a c t a t i o n  in  the  mouse were 
s tu d ie d  in r e l a t i o n  to  r e j e c t i o n  o f  H. d im inu ta  ; both phases o f  
the  r e p r o d u c t i v e  c y c le  are  known t o  cause depress ion  o f  T e f f e c t o r  
lymphocytes,  whereas a n t ib o d y  responses are  u n a f fe c te d  o r  enhanced. 
I t  was shown t h a t  p regnant  and l a c t a t i n g  mice r e j e c t  H, d im inu ta  
more s lo w ly  than n u l l l p a r o u s  mice, and t h a t  growth o f  the  worms 
i s  much enhanced in  comparison w i t h  worms from n u l l l p a r o u s  mice.
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The de lay  in r e j e c t i o n  caused by l a c t a t i o n  was found t o  be g r e a t e r  
than t h a t  observed du r in g  pregnancy, f rom which i t  can be concluded 
t h a t  immunodépression is  more marked in l a c t a t i n g  mice.  The pe r iod  
o f  s low es t  r e j e c t i o n  c o in c id e s  w i th  the  pe r iod  when g r e a t e s t  growth 
o f  the  worms was noted ( i . e .  du r ing  m i d - l a c t a t i o n ) ,  bu t  the  r e l a t i v e  
c o n t r i b u t i o n s  o f  the  immunodépression and the  increased food in tak e  
o f  pregnant  and l a c t a t i n g  mice t o  the  enhanced worm growth are 
f a r  f rom c l e a r .
I t  was demonstrated t h a t  the  immunological  d e fe c t  o p e ra t in g  
du r in g  pregnancy and l a c t a t i o n  l i e s  in the e f f e c t o r  arm o f  the 
response, as s e n s i t i s a t i o n  a g a in s t  H. d lm inu ta  occur red  no rm a l l y  in 
these an imals ,  b u t  the  response t o  r e i n f e c t i o n  o f  p r e v io u s l y  immunised 
an imals was shown t o  be depressed du r ing  pregnancy and l a c t a t i o n .
Exper iments were c a r r i e d  o u t  in which immunisat ion o f  mice 
w i th  H. d im inu ta  f a i l e d  t o  p ro v id e  any p r o t e c t i o n  a g a in s t  H. d im lnu ta  
i n f e c t i o n  In t h e i r  o f f s p r i n g ;  an t ibody  t r a n s f e r r e d  in co los t rum  
had no e f f e c t  on e i t h e r  growth o r  s u r v i v a l  o f  the  worms in the  
young mice, which have l i t t l e  in na te  c a p a c i t y  t o  respond t o  the  
i n f e c t i o n .  From these and the above exper iments ,  i t  was concluded 
t h a t  an t i -worm  an t ib ody  in  the  absence o f  e f f e c t i v e  T lymphocyte 
f u n c t i o n  has no measureab^ independen t  e f f e c t  on H. d im in u t a .
The r e l a t i v e  r o le s  o f  the  sc o lex  and s t r o b i l a  o f  H. d im inu ta  
in s t i m u l a t i n g  the immune response o f  the  mouse were in v e s t i g a t e d  
by t r a n s p l a n t a t i o n  o f  worms w i th  la rge o r  smal l  we igh ts  o f  s t r o b i  la 
i n t o  the  duodenum o f  mice.  I t  was found t h a t  the  la r g e r  worms were 
r e je c t e d  more q u i c k l y  by the  mice, and i t  i s  argued t h a t  t h i s  
d i f f e r e n c e  was no t  due t o  the  s m a l l e r  worms be ing more r e s i s t a n t  
t o  immunological  a t t a c k ,  o r  t o  a t im e - r e l a t e d  exposure o f  p r o t e c t i v e  
a n t ig e n s ,  b u t  t o  d i f f e r e n c e s  in  s i z e  o r  s u r fa c e  area .  C o n f i rm a t io n
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o f  t h i s  idea came from s tu d ie s  w i th  s tun ted  worms de r ive d  from 
h e a v i i y  i r r a d i a t e d  c y s t i c e r c o i d s , A t  35 krad and above, the  worms 
e x c y s t  n o rm a l l y ,  bu t  show l i t t l e  growth t h e r e a f t e r .  These s tun ted  
worms, which c o s i s t  o f  a s c o le x  and a stump o f  u n d i f f e r e n t i a t e d  
neck t i s s u e ,  were r e je c t e d  by mice v ia  an immunological  mechanism, 
bu t  were shown t o  be p o o r l y  immunogenic; they  are r e je c t e d  s lo w ly  
by mice,  and s t im u la t e  poor Immunological  memory In  comparison 
w i t h  normal worms. I t  was concluded t h a t  the  p r o t e c t i v e  a n t lg e n ( s )  
a r i s e  f rom the  tegument ,  b u t  t h a t  the  a n t e r i o r  end o f  the  worm 
i s  more a n t i g e n i c  per  u n i t  w e ig h t  than the p o s t e r i o r  end. Th is  
th e o ry  Is shown t o  f i t  many e s ta b l i s h e d  o b s e rv a t io n s ,  and b r i e f  
d iscuss io n  is  made o f  the  im p l i c a t i o n s  f o r  v a c c i n a t io n  s tu d ie s ,  and 
o f  the p o s s ib le  na tu re  o f  the  p r o t e c t i v e  an t igens  from tne  
tegument o f  the worm.
A s tudy  was made o f  the  e f f e c t s  o f  the  in f lamm ato ry  e x p u ls io n  
phase o f  an u n re la te d  p a r a s i t e ,  T r i  ch i ne 1 I a s p i r a l i s , on growth 
and s u r v i v a l  o f  hymenolepids no t  n o rm a l l y  r e je c te d  by t h e i r  hos ts ,  
namely H. microstoma in the  mouse and H. d lm inu ta  in the r a t .  Growth 
o f  the  cestodes in  d u a l - i n f e c t e d  an imals  was markedly  depressed, 
and the s e v e r i t y  o f  the  s t u n t i n g  increased i f  the  cestode was 
a d m in is te re d  c l o s e r  t o  the  t im e o f  e x p u ls io n  o f  T. s p i r a l i s .
H. microstoma was found t o  be s u s c e p t i b l e  t o  the e f f e c t s  o f  
in f lam m at ion  d u r in g  the  e a r l y  m ig r a to r y  phase In th e  lumen o f  the  
smal l  i n t e s t i n e ,  b u t  i f  the s c o le x  was in s id e  the  b i l e  duc t  a t  the  
t im e  o f  in f lam m a t io n ,  no subsequent  loss o r  d e s t r o b i I a t i o n  o c c u r re d .
H. d im inu ta  in  the  r a t  was n e i t h e r  e x p e l le d  no r  caused t o  des t rob I  l a te  
by the  in f lam m ato ry  changes in  the  i n t e s t i n e ,  bu t  e s ta b l i s h m e n t  
o f  the  cestode may be a dv e rs e ly  a f f e c te d  I f  c y s t i c e r c o i d s  are  g iven 
d u r in g  the  p e r io d  o f  s e v e re s t  in f lam m at ion  caused by T.  s p i r a l i s  o r
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N ippostrongy I  us b r a s i l l e n s l s . I t  i s  suggested t h a t  the  b i l e  duc t  
Is  an im m uno log ica l l y  p r i v i l e g e d  s i t e  f o r  H, mic ros toma, and the  
im p l i c a t i o n s  o f  the  i n t e r a c t i o n  work are discussed both f o r  
T . s p i r a l i s  and H. d l m i n u t a .
Syngeneic t r a n s f e r  o f  lymphocytes f rom the m esen te r ic  lymph 
node (MLN) was used t o  s tudy  t r a n s f e r  o f  immunity a g a in s t  H, d im lnu ta  
■ befween mice, and t o  i n v e s t i g a t e  the a t t r a c t i v e n e s s  o f  the  smal l  
' i n t e s t i n e  o f  i n f e c t e d  an imals  t o  in t r a v e n o u s ly  i n j e c t e d  i s o t o p i c a l l y  
l a b e l l e d  lymphocytes.  I t  was found t h a t  enhanced responsiveness  
t o  H, d im inu ta  was no t  t r a n s f e r a b l e  w i th  less than a 4:1 donor:  
r e c i p i e n t  r a t i o  (1 ,7x10^  MLN c e l l s ) ,  which l i m i t s  the  use fu lness  
o f  the techn ique ,  and the r e s u l t s  ob ta ined  are d iscussed In r e l a t i o n  
t o  the requ i rements  f o r  ado p t i ve  t r a n s f e r  o f  immunity a g a in s t  
T .  s p i r a l i s .
No d i f f e r e n c e  was recorded In the  amount o f  r a d i o a c t i v i t y
recovered from the  smal l  i n t e s t i n e s  o f  m i c e , i n f e c t e d  w i th  H, d im lnu ta
o r  u n in fe c te d ,  a f t e r  i n j e c t i o n  o f  i s o t o p i c a l l y  l a b e l l e d  MLN c e l l s ,
75The l i m i t a t i o n s  o f  the  techn ique  and label  (L - (  S e ) -se lenom eth ion ine )  
used are d iscussed,  and i t  Is  concluded t h a t  lymphocyte m ig r a t io n  
s tu d ie s  are p o t e n t i a l l y  v a lu a b le  in the  s tudy  o f  H, dimi nuta in 
the  mouse, o n ly  w i th  much more s e n s i t i v e  tec h n iq u e s .  A l t e r n a t i v e s  
t o  the MLN as the  source o f  the  lymphocytes t h a t  cause e x p u ls io n  o f
H. d im inu ta  are d iscussed ,  and i t  i s  suggested t h a t  f u t u r e  work 
in c lud es  i n v e s t i g a t i o n  o f  Peyer*s pa tches .
Fu ture  l i n e s  o f  research are suggested, p a r t i c u l a r l y  w i th  
respec t  t o  the c e l l u l a r  even ts  in  the  w a l l  o f  the  smal l  i n t e s t i n e .
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ABBREVIATIONS
B Thymus- independent ;  a n t ib o d y -p ro d u c in g
C Con t ro l
CA C o r t i s o n e  a c e ta te
CT C e l l  t r a n s f e r
GALT G u t -a s s o c ia te d  lymphoid t i s s u e s
HBSS M o d i f ie d  Hanks* balanced s a l t  s o l u t i o n
Hd HymenolepIs dimi nuta
I i n fe c te d  /  immune
^ ID  R a d i o a c t i v i t y  in  an organ as percentage o f  the  in j e c t e d
dose o f  i so tope  
I g Immunoglobul i n
IMLNC M esen te r ic  lymph node c e l l s  f rom i n fe c t e d  /  immune mice
I . p .  i n t r a p e r i t o n e a l
i . v .  in t ravenous
K K i l l e d
MLN M esen te r ic  lymph node
MLNC M esen te r ic  lymph node c e l l s
N Naive ( p r e v i o u s l y  u n in fe c te d )
n Number in  a group
Nb N i ppos t rongy I  us bras i I î ensIs
ND Not determined
NR N i l  recovery  o f  worms 0 . I mg from a mouse
p Probab i l i t y
p,  i . pos t  i n f e c t i o n
R Roentgen
RiT Rosette  I n h i b i t i o n  t i t r e






R a d i o a c t i v i t y  in  an organ as percentage o f  the  t o t a l  
iso tope  recovered from smal l  I n t e s t i n e ,  MLN, spleen & l i v e r  
T r i  ch i ne I la s p i r a l i s  
A n th e lm in t i c  ( ’ Z a n l t * )
ADDENDUM
ACTH Adrenocorticotrophic hormone
HCG Human chorionic gonadotropin
^^^lUdR iodo-deoxyuridine
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I ) H i s t o r i c a l  background
The a d u l t  s tage o f  the  cyc lophy I  1î dean tapeworm 
Hymenolepis d im!nuta  w i l l  e s t a b I i s h  s a c c e s s fu 1ly in a number o f  
mammalian hos ts ,  m a in ly  roden ts ;  in the  w i l d ,  r a t s  are the  usual 
d e f i n i t i v e  ho s t ,  a l though i t  has been repor ted  t h a t  mice, hamsters 
and even man may a c t  as hosts  f o r  t h i s  p a r a s i t e  (Smyth, 1962).
The host  is  in fe c te d  by in g e s t io n  o f  the  a r th ropod  in te rm e d ia te  
hos t  (no rm a l ly  a b e e t l e )  ha rbour ing  the c y s t i c e r c o i d  la rvae  o f  
H, d im in u t a . The l i f e  expectancy o f  the  worm may be p o t e n t i a l l y  
longer  than the  hos t *s  l i f e s p a n ;  Read (1967) kept worms a l i v e  
f o r  14 years by s u r g ic a l  t r a n s f e r  i n t o  new r a t  hos ts .  Coupled t o  
t h i s  is  the  f a c t  t h a t  a r a t  can supp o r t  a low - leve l  (1-5 worm) 
i n f e c t i o n  f o r  long pe r iods  o f  t im e  w i t h o u t  any loss o f  worms 
o c c u r r in g ;  e . g .  H a r r i s  & Tur ton  (1973) found no loss f rom a f i v e  
worm i n f e c t i o n  a f t e r  14 weeks.
Th is  p a r a s i t e  in the  d e f i n i t i v e  hos t  i s  found e x c l u s i v e l y  
in the  smal l i n t e s t i n e ,  H, d im in u ta , u n l i k e  many o t h e r  hymeno1ep ids ,  
has a com p le te ly  unarmed s c o lex  and t h e r e fo r e  r e l i e s  t o  a la rge 
e x t e n t  on the  f o u r  acetabu la  (suckers )  f o r  adhes ion,  t o  p reven t  
the  worm being swept ou t  o f  the  g u t  by p e r i s t a l s i s .  The absence o f  
hooks reduces the  p o s s i b i l i t y  o f  the  worms causing phys ica l  
damage t o  the smal l  i n t e s t i n e  mucosa; the  p o s s i b i l i t y  o f  lo c a l i s e d  
mucosal damage is  f u r t h e r  reduced by the  f a c t  t h a t  the  worm a l t e r s  
i t s  p o i n t  o f  a t tachment  o f  the  s c o le x  as i t  grows, moving 
a n t e r i o r l y  in  the  i n t e s t i n e  o f  the  r a t  as the  s t r o b i  la lengthens 
(Bra ten  & Hopkins,  1969),  There is  a l s o  a very  marked c i r c a d ia n
m ig ra to ry  p a t t e rn  (Read & K i l e j i a n ,  1969; Hopkins,  1970), The 
lack  o f  phys ica l  damage t o  the  smal l i n t e s t i n e  is  accompanied by 
a lack o f  gross p h y s i o l o g i c a l  damage t o  the hos t ;  growth ra te  
o f  the  hos t  r a t  under normal c o n d i t i o n s  is  app a re n t ly  una f fec ted  
by i n f e c t i o n  w i th  H, d im inu ta  ( Ins  1er & Rober ts,  1976) and food 
i n ta k e  i s  una l te re d  ( M e t t r i c k ,  1971).  M e t t r i c k  (1972, 1973) re p o r ts  
unpubl ished o bs e rv a t ions  i n d i c a t i n g  a 20^ decrease in growth ra te  
and increased c a l o r i c  in tak e  pe r  gram increase in body w e igh t  o f  
p a r a s i t i s e d  re a ts ,  bu t  in the  absence o f  severa l  im po r tan t  d e t a i l s  
t h i s  cannot be accepted as im po r tan t  ev idence .  Henderson 
(unpu b l i s h e d ) ,  using la rge  numbers o f  s p e c i f i c  pa thogen - f ree  (SPF) 
r a t s ,  observed a s m a l l ,  bu t  no t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  decrease 
in the  growth o f  I n fe c te d  ra t s  on i s o c a l o r i c  d i e t s ,
Tur ton (1968) found t h a t  H. d im inu ta  does no t  damage the 
gu t  e p i t h e l i a l  c e l l s .  T h is  lack o f  i n t e s t i n a l  pa tho logy ,  r e i n f o r c i n g  
the  view w id e ly  he ld  be fo re  1970 t h a t  an immunological  r e a c t io n  
in the  i n t e s t i n a l  lumen "deve lops o n l y  i f  the  mucosa o f  the  h o s t ’ s 
i n t e s t i n e  i s  invaded and a n t i g e n i c  substances are in t ro d u c e d "
(Rees, 1967), perpe tua ted  the  o p in io n  t h a t  H, d im inu ta  is  no t  
immunogenic* In c o n t r a s t ,  i t  was w id e l y  accepted t h a t  H. nana 
was immunogenic, by v i r t u e  o f  i t s  in v a s iv e  p a ren te ra l  stage o f  
development (rev iewed by Rees, 1967), The o r i g i n a l  s ta temen t  by 
Chandler  (1939) t h a t  H. d im inu ta  is  no t  immunogenic remained 
unchal lenged u n t i l  Weinmann (1966) repo r ted  exper iments  demonstra t ing  
t h a t  the  same p a r a s i t e  in  th e  mouse evoked s t ron g  immunity a g a in s t  
c ha l lenge  i n f e c t i o n  w i th  H. d im inu ta  and H, nana, a l though the  
im p l i c a t i o n s  o f  these r e s u l t s  were no t  f u l l y  a p p re c ia te d .  The 
use o f  i n t r a - p e r i t o n e a I  i n j e c t i o n s  in mice o f  t i n c t u r e  o f  opium 
(Read & Voge, 1954) o r  morphine (Weinmann, 1966) t o  slow i n t e s t i n a l
3emptying t im e ,  and p r e - t r e a tm e n t  o f  c y s t i c e r c o i d s  w i t h  ac id  pepsin 
(Read, 1955), was shown by Tur ton  (1971) t o  be unnecessary f o r  
success fu l  e s ta b l i s h m e n t  o f  H. d im inu ta  in the  mouse. Using 
w e l l - d e f i n e d  SPF mice and improved techn iques (no t  le a s t ,  I 
susp e c t , th o s e  in v o lv e d  in sea rch ing  f o r  smal l worms),  i t  was 
shown by Hopkins,  Subramanian & S t a l l a r d  (1972^) t h a t  90-100^ 
o f  adm in is te red  c y s t i c e r c o i d s  e s ta b l i s h e d  and grew; they  a ls o  
showed t h a t  I n f e c t i o n s  w i th  one o r  two worms were e x p e l le d  between 
days 10 and 16 o f  i n f e c t i o n  (ag ree ing  w i th  Weinmann’ s (1966) 
o b s e r v a t i o n s ) ,  and t h a t  r e j e c t i o n  was hera lded by a s lo w ing  o f  
growth o f  the  worms a f t e r  day 10 o f  i n f e c t i o n .  R e je c t io n  took  
the  form o f  des t rob i  l a t i o n  o f  many o f  the  worms (a loss o f  s t r o b i l a  
behind the  neck, leav ing  on ly  the s c o le x  and a smal l  p a r t  o f  the  
neck reg ion  in the i n t e s t i n e ,  a process f i r s t  desc r ibed  by 
Tu r ton  (1971) f o r  H. dI mi nuta in the  mouse), and most worms had 
d e s t ro b i  la ted  by day 14 o f  i n f e c t i o n .  The p o p u la t io n  o f  d e s t r o b i l a t e d  
worms was e x p e l le d  s lo w ly  ove r  the  subsequent 4 t o  5 weeks. The 
o b s e rv a t io n  t h a t  worms in p r e v io u s l y  in fe c te d  mice grew much more 
s lo w ly  than in p r e v io u s l y  u n in fe c te d  c o n t r o l s  and t h a t  fewer worms 
were recovered from the  fo rm er  group than the l a t t e r  was s t ro n g  
ev idence in f a v o u r  o f  these  a u t h o r s '  p r o p o s i t i o n  t h a t  loss o f  
H, d im inu ta  f rom the  mouse is  im m uno log ica l ly  media ted.  Th is  
the o ry  was s u b s t a n t i a t e d  by a subsequent paper (Hopkins e t  a l , ,
1972Jb ) dem ons t ra t ing  t h a t  r e j e c t i o n  o f  H,_ d i ml nu ta  cou ld  be 
impaired by immunosuppressive agen ts .
By the  t im e  t h a t  i t  was e s ta b l i s h e d  by these au tho rs  t h a t  
r e j e c t i o n  o f  H, d im inu ta  f rom the  mouse was immunolog ica11 y 
media ted,  i n v e s t i g a t i o n  o f  immune responses t o  i n t e s t i n a l  
nematodes was in  a r e l a t i v e l y  advanced s t a t e  ( rev iewed a t  t h i s
t im e  by J a r r e t t  & U rquha r t ,  1971; O g i ( v i e  & Jones, 1973), which 
a l lowed workers s tu d y in g  the  immunological  r e j e c t i o n  o f  hymenolepids 
a c o r re s p o n d in g ly  advanced view o f  t h e  mechanisms invo lve d  in  the  
r e j e c t i o n  o f  i n t e s t i n a l  p a r a s i t e s .  Progress in i n v e s t i g a t i o n  o f  
the  immune response o f  th e  mouse t o  H, d im inu ta  has been f a i r l y  
r a p id  s ince  1972, g iven t h a t  t h e r e  were (and are) r e l a t i v e l y  few 
researchers  work ing  on the  system; t h i s  l a t t e r  aspec t  is  p robab ly  
due t o  the  " g r e a t e r  economic and medical importance o f  o t h e r  
metazoans" (Weinmann, 1970), a l though  one suspects t h a t  the  
view t h a t  a d u l t  cestodes are ,  a t  be s t ,  weakly immunogenic, s t i l l  
p e r s i s t s  w i th  many peop le .
There are a number o f  parameters t h a t  markedly  a f f e c t  the 
k i n e t i c s  o f  r e j e c t i o n  o f  H. d im inu ta  f rom the  mouse: i t  would be 
use fu l  a t  t h i s  p o i n t  t o  summarise the e f f e c t s  o f  v a ry in g  these 
pa ram e te rs .
2) Fac to rs  i n f l u e n c i n g  r e j e c t i o n
a) Mouse hos t
Close t o  I(X)^ e s ta b l i s h m e n t  fo l lo w e d  by r e j e c t i o n  o f  
H, d im inu ta  has been found t o  be a c h a r a c t e r i s t i c  o f  most s t r a i n s  
o f  mouse te s te d  thus  f a r ;  CFLP and Porton (Hopkins e t  a l . ,  I972_a), 
B a lb / c  ( I s aa k ,  Jacobson & Reed, 1975), Bj^LP (Andreessen, Hindsbo 
& Ru i tenberg ,  I978_a), 057, C3H, CBA (Hopk ins,  personal  communica t ion) ,  
CD-I and NIH (persona l  o b s e rv a t io n s )  mouse s t r a i n s  a l l  respond to  
i n f e c t i o n  w i th  t h i s  p a r a s i t e ,  a l though  d i r e c t  comparison between 
s t r a i n s  has r a r e l y  been a t tem pted .
The sex o f  mouse used appears t o  have l i t t l e  e f f e c t
(Read & Voge, 1954; C h r i s t i e ,  unpub l ished ) ,  bu t  the  age o f  the 
mouse a t  the  t im e  o f  i n f e c t i o n  appears t o  be very  im po r tan t .
Befus & Fea thers ton  (1974) found t h a t  r e j e c t i o n  o f  H. d im inu ta  
t o o k ,  on average, f o u r  days longer  in mice under f i v e  weeks o ld  
than in mice 5-7 weeks o l d .  Growth o f  the  worm in p r e v io u s ly  
un in fe c te d  mice ove r  12 weeks o ld  has been found t o  be o f t e n ,  
though no t  i n v a r i a b l y ,  much reduced (Hopkins,  personal  communication;  
personal  o b s e r v a t i o n s ) ; t h i s  i s  presumably due t o  the  m atu ra t ion  
o f  the  g u t - a s s o c ia te d  lymphoid t i s s u e s ,  the  immunological  h i s t o r y  
o f  the mice, and the  presence o f  c onc u r ren t  p ro tozoa l  o r  v i r a l  
i n f e c t i o n s ,  a l though Befus & Feathers ton (1974) f a i l e d  t o  f i n d  
any d i f f e r e n c e  in the  course o f  i n f e c t i o n  in mice o f  d i f f e r i n g  
q u a l i t y  ( i . e .  c a r r y i n g  few t o  many pathogens) .
b) Level o f  i n f e c t i o n
In i n f e c t i o n s  o f  the  mouse w i th  H. microstoma (Hopkins,  
Goodal l  & Za jac ,  1977) and H. ci  t e  I I i  (Hopkins & S t a l l a r d ,  1974) 
t h e r e  appears t o  be an a n t i g e n i c  t h re s h o ld  above which an 
immunological response a g a in s t  the  worms is  mounted r e s u l t i n g  in 
loss o f  worms, and below which no response may be e v id e n t ;  in 
both o f  these spec ies  o f  worm, r e j e c t i o n  o f  heavy burdens proceeds 
u n t i l  a ' r e s i d u a l  p o p u la t i o n '  o f  1-5 worms remains,  and t h i s  
low - leve l  i n f e c t i o n  p e r s i s t s  over  long per iods  o f  t im e .  With 
H. d im inu ta  in the  mouse i t  i s  known t h a t  th e re  is  no such 
t h r e s h o ld ,  a s i n g l e  worm being s u f f i c i e n t  t o  e l i c i t  an immune 
response and s t im u la t e  immunological  memory (Befus,  1975^) .
Inc reas ing  the  leve l  o f  i n f e c t i o n  w i th  H. d im inu ta  f rom one t o  
s i x  worms shor tens  the  t im e  taken f o r  the  response t o  take  e f f e c t
and reduces v a r i a b i l i t y  in  the  r e s u l t s  (Befus ,  1975^ ) .  In p r a c t i c e ,  
f ive -worm  i n f e c t i o n s  have been found by the  p resen t  a u th o r  t o  be 
s u f f i c i e n t  t o  s t im u la t e  a s t ro n g ,  ra p id  response; i n c re a s in g  the  
number o f  worms adm in is te red  t o  12 o r  beyond decreases the t im e 
taken f o r  r e j e c t i o n  t o  commence (Andreassen, Jespersen &
R o e p s to r f f ,  1978b), bu t  the  increased te c h n i c a l  d i f f i c u l t i e s  in vo lved  
in  such exper iments  and the e f f e c t s  o f  crowding on worm growth 
(Roberts  & Mong, 1958) com p l ica te  the  i n t e r p r e t a t i o n  o f  r e s u l t s .
3) The na tu re  o f  t h e  immune response t o  H. d im inu ta
a) Thymus dependency
The w e igh t  o f  aval lab le ev idence suggests t h a t  the 
r e j e c t i o n  o f  H, d im inu ta  by the  mouse is  a s t r o n g l y  thymus- 
dependent p rocess.  Hopki ns e t  a l . ( I 972_b ) showed t h a t  a n t i -  
thymocyte serum s u b s t a n t i a l l y  reduced the  a b i l i t y  o f  mice t o  
r e j e c t  H. d i m i n u t a . I t  has a l s o  been shown by Isaak e t  a I . ( 1975),  
Bland (1976a),  and Andreassen e t  a l . (1978^) t h a t  th e  'nude '  
mouse (a s t r a i n  t h a t  i s  c o n g e n i t a l l y  a thym ic  and h a i r l e s s ,  
homozygous f o r  the  mutant  nu/nu gene -  see P a n te lo u r i s ,  1971;
W o r t i s ,  197!) is  s lo w e r  t o  r e j e c t  H. d im inu ta  than heterozygous 
l l t t e r m a t e s  posess ing a thymus, and a t  low le v e ls  o f  i n f e c t i o n  
nude mice may no t  r e j e c t  the  worms a t  a l l .
A d u l t  thymectomised, l e t h a l l y  i r r a d i a t e d ,  bone marrow 
r e c o n s t i t u t e d  mice a p p a re n t l y  cannot  r e j e c t  H. dimi nuta (B land,  
I976_b), a l though t h i s  o b s e rv a t io n  is  compl ica ted  by the  f a c t  t h a t  
t he  c a p a c i t y  t o  respond was impa i red  in sham thymectomised, 
l e t h a l l y  i r r a d i a t e d ,  bone marrow r e c o n s t i t u t e d  mice, i n d i c a t i n g  
a requ i remen t  f o r  an a d d i t i o n a l  r a d i a t i o n - s e n s i t i v e  component
în the  r e j e c t i o n  p rocess .  F u r t h e r  evidence f o r  T c e l l  invo lvement  
i s  presen ted in t h i s  t h e s i s ,
b) An t ibody  invo lvement
A n t ib o d ie s  produced by the  hos t  a g a in s t  i t s  i n t e s t i n a l  
p a r a s i t e s  are th o u g h t  t o  be im p o r ta n t  in a number o f  systems in 
caus ing  r e j e c t i o n  a n d /o r  damage t o  the  worms; e . g .  N i ppos t rongy I  us 
b ras i I i  ens i s in  the  r a t  (Ogi I  v ie  & Jones, 1968), T r i  chos t rongy I  us 
CO I ubr i  formi s in the  g u in e a -p ig  (Connan, !972_b), T r i  c h u r l s  mur is  
in the  mouse (Selby & W ake l in ,  1973), and T r i c h i n e l l a  s p i r a l i s  
in the  mouse (Wakel in & L loyd,  1976^) have a l l  been shown t o  
e l i c i t  p ro d u c t io n  o f  serum an t ib ody  t h a t  is  capable o f  t r a n s f e r r i n g  
re s is ta n c e  t o  immunoIogicaI  I y na ive  an im a ls .  I t  is  a l s o  we l l -known 
t h a t  immunity t o  many p a re n te ra I  I y - s i t u a t e d  la rv a l  cestodes is 
t r a n s f e r a b l e  w i t h  serum, o r  i s  an t ibody-dependen t ,  e . g .  Taen i a 
ta e n Ia e fo rm is  in th e  r a t .  Taenia p i s i f o r m i s  In the  r a b b i t ,  and 
H. nana In the  mouse. ( reviewed by Gemme I I & MacNamara, 1972;
Gemme I I ,  I 976 ) ,
In the  case o f  H. dimi nuta in the  mouse, the  evidence 
f o r  an t ibody  invo lvement  in r e j e c t i o n  re s ts  l a r g e l y  on the  work 
by Befus (1977),  which showed t h a t  IgA, IgM,. lgG| and IgGg appear 
on the  su r fa c e  o f  the  worm in  a s e q u e n t ia l  f a s h io n ,  a l l  c lasses  o f  
an t ib o d y  be ing p resen t  by day 12 o f  i n f e c t i o n .  Appearance o f  
these a n t ib o d ie s  was hastened by in c re a s in g  th e  worm burden ( i . e .  
the  ' a n t i g e n i c  l o a d ' ) .  Befus was c a r e fu l  t o  p o i n t  o u t ,  though,  
t h a t  t h i s  may no t  be s p e c i f i c  a n t ib o d y ,  the  p o s s i b i l i t y  e x i s t i n g  
t h a t  i t  was immunog lobu l in adsorbed n o n - s p e c i f i c a I l y  on to  the  
p o l y a n io n i c  g l y c o c a l y x  o f  the  tegument (Lumsden, 1975).  R e je c t io n
8o f  t r a n s p la n te d  worms from normal mouse donors (and hence 
p robab ly  coated w i t h  a n t ib ody )  is  no f a s t e r  than f o r  worms from 
immunosuppressed mice o r  r a t s  (Hopkins & Za jac ,  1976), in c o n t r a s t  
t o  the  r a t -N ,  bras Î I Iens i s model, in which ant ibody-damaged 
worms are r a p i d l y  e x p e l le d  (rev iewed by O g l l v i e  & Jones, 1973;
Ogi I v ie  & P a r r o t t ,  1977). One p o s s ib le  reason f o r  the  lack o f  
e f f e c t  o f  the a n t ib o d y  c o a t in g  i s  t h a t  the  an t ib ody  may have a 
r e l a t i v e l y  s h o r t  h a l f - l i f e  on the  r a p i d l y  m e ta b o l i s in g  tegument o f  
t h e  tapeworm (Oaks & Lumsden, 1971).
Serum a n t ib o d ie s  t o  H, dimi nuta in the  mouse have proved 
very  d i f f i c u l t  t o  d e te c t  (see Befus (I975_b), who used immunod if fus ion  
te c h n iq u e s ) ,  a l though Choromanski (1978) a p p a re n t l y  found t h a t  
serum an t ibody  t o  H. dimi nuta can be detec ted  in q u a n t i f i a b l e  
t i t r e s .  Serum an t ibody  r e a c t in g  w i th  H. d im inu ta  c y s t i c e r c o i d s  
has been descr ibed  by Andreassen e t  a l . ( 1978_a ) .  Serum an t ibody  
t o  H. dimi nuta in the  r a t  was f i r s t  de tec ted  by Coleman, Car ty  
& Graz iode i  (1968),  an o b s e rv a t io n  conf i rmed by H a r r i s  & Tur ton
(1973) us ing  r e l a t i v e l y  s e n s i t i v e  techn iques ;  l i k e w is e ,  high  
le v e ls  o f  s p e c i f i c  serum an t ib o d y  have been de tec ted  in mice 
in fe c te d  w i th  H. microstoma (Moss, 1971; G ooda l l ,  1973), a l though 
t h i s  cestode Is no t  no rm a l l y  r e je c te d  from the  mouse, and t o  a 
much lesse r  e x te n t  in  i n f e c t i o n s  w i th  H. nana and H. c i  t e l  11 
c y s t i c e r c o i d s  (G ooda l l ,  1973). The low level  o f  serum an t ib ody  
in H, dimi nuta I n f e c t i o n  in mice may be a t  le a s t  p a r t l y  due t o  
t he  f a c t  t h a t  e n t i r e l y  lum en-dwe l l ing  p a ra s i te s  which cause l i t t l e  
o r  no damage tend no t  t o  e l i c i t  a s t ro n g  serum a n t ib o d y  response 
(Radermecker,  B e k h t i , Ponce l e t  & Salmon, 1974). Serum an t ibody  may, 
o f  course,  be a most u n r e l i a b l e  i n d i c a t o r  o f  the  a n t ib o d y  d i r e c t e d  
a g a in s t  i n t e s t i n a l  p a r a s i t e s  (see OgiI  v ie  & Jones, 1971), T r a n s f e r
o f  massive volumes o f  'hyper immune'  serum has no d e le t e r i o u s  
e f f e c t  on H. d im inu ta  in the  i n t e s t i n e  o f  th e  mouse (Hopkins,  
personal  communicat ion;  Isaak, 1976; Andreassen e t  a l , ,  1978a); 
serum an t ibody  can p r o t e c t  agai n s t  H. nana in mice, p robab ly  
because i t  a t t a c k s  in vad ing  oncospheres f rom an egg I n f e c t i o n  as 
they  p e n e t ra te  the  v i l l i  ( I  t o ,  1977), and hence serum an t ib ody  t o  
H, d im inu ta  may no t  reach the  worm because the  i n t e s t i n e  is  not  
damaged. F u r th e r  ev idence a g a in s t  the  invo lvement  o f  a n t ib o d y  was 
presented by Isaak (1976),  who found t h a t  in c u b a t io n  o f  c y s t i c e r c o i d s  
w i th  immune serum and complement had no e f f e c t  on t h e i r  v i a b i l i t y  
( i n  c o n t r a s t  t o  the  work o f  Herd (1976) w i th  Ech î nococcus) .  and 
a l s o  made the  im p o r ta n t  d i s c o v e ry  t h a t  ab roga t ion  o f  an t ib ody  
response w i th  a n t i - I g M  d id  no t  p reven t  r e j e c t i o n  o f  H .d im in u ta .
c)  O ther  immune-rela ted changes
Small i n t e s t i n e  v i l l o u s  a t ro phy  Is known t o  be mediated 
by T c e l l s ,  and is  a f e a tu re  o f  many p a r a s i t i c  i n f e c t i o n s  ( rev iewed 
by Ferguson & MacDonald, 1977), and Befus (1975^) repo r ted  
p r e l i m in a r y  r e s u l t s  i n d i c a t i n g  t h a t  the  smal l i n t e s t i n e  o f  mice 
in fe c te d  w i th  H. dimi nuta may d i s p la y  p a r t i a l  v i l l o u s  a t ro phy ;  
t h i s  was no t  con f i rmed in a s tudy  by Andreassen e t  a l . ( 1978_a ) ,
The l a t t e r  au tho rs ,  however, d id  f i n d  a s i g n i f i c a n t  inc rease  in 
the  number o f  j e j u n a l  mast c e l l s  and g lo b u le  leukocytes  in mice 
i n fe c te d  w i th  H. d im in u ta , both c e l l  types reach ing  peak numbers 
on day 10 o f  i n f e c t i o n ;  however,  t h e y  a ls o  found t h a t  t h e i r  nude 
mice cou ld  r e j e c t  H. d im inu ta  v / i t h o u t  the  appearance o f  e i t h e r  cel  I 
t y p e .
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d) The e f f e c t  o f  th e  immune response on the  worm
The immunological  a t t a c k  mounted by the  mouse a g a in s t  
H. d im inu ta  m an i fes ts  i t s e l f  in a v a r i e t y  o f  d i f f e r e n t  ways.
F i r s t l y ,  worms under a t t a c k  o f te n  have opaque dark  areas 
on the  s c o le x ,  neck, a nd /o r  s t r o b i l a ,  o f  " v a r i a b l e  s i z e  and 
p o s i t i o n "  (Befus & Threadgo ld ,  1975); these inc rease  in number u n t i l  
the  worms are e x p e l l e d  and oc c u r  w i th  g r e a t e r  f requency  in s i x -  
worm than in  one-worm i n f e c t i o n s .  That  these  dark  areas are 
s i t e s  o f  worm damage was conf i rmed by these authors  w i th  e l e c t r o n  
micrographs o f  d i s t a l  cy top lasm showing abnormal m i to c h o n d r ia ,  
l i p i d  d r o p l e t  accum u la t ion ,  e t c , ,  and they  p o s tu la te d  t h a t  t h i s  
damage was the r e s u l t  o f  immune re a c t io n s  by the  mouse.
Assoc ia ted  w i th  th e  same ( i . e .  p r e - r e j e c t i o n )  phase o f  
the  response. Bland (1976^) found t h a t  t r a n s p o r t  o f  meth ion ine  
and sodium ace ta te  across the  tegument was depressed in worms 
under immunological  s t r e s s  compared w i th  t h a t  in worms from 
immunodepressed mice.  Th is  may be assoc ia ted  w i th  th e  second major  
e f f e c t  o f  th e  immune response o f  the  mouse, i . e .  the  s lo w ing  o r  
s topp ing  o f  worm g row th .  Th is  e f f e c t  (Hopki ns e t  a l , ,  1972_a) 
i s  r e v e r s i b l e  w i t h  the  use o f  immunosuppressants such as c o r t i s o n e  
a c e ta te  (Hopkins & S t a l l a r d ,  1976), Growth o f  H, dimi nuta in 
secondary i n f e c t i o n s  is  ve ry  much re ta rded  (Hopkins e t  a l . ,  1972^;.  
Be fus,  I975_a), as is  the case w i t h  the  lo n g - s u r v i v i n g  H. microstoma 
(Howard, 1976), Indeed, s t u n t i n g  o f  growth is  the  majo r  f e a t u r e  
o f  secondary c y s t i c e r c o i d  i n f e c t i o n s  in the  mouse, Befus hav ing 
po in ted  ou t  t h a t  the  complete r e j e c t i o n  o f  worms In a secondary 
i n f e c t i o n  does no t  occu r  a t  a f a s t e r  r a te  than in a p r im ary  
i n f e c t i o n ;  he t h e r e f o r e  adv ised t h a t ,  as s e v e re ly  s tu n te d  worms
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are  o f te n  com p le te ly  i n d i s t i n g u i s h a b l e  f rom d e s t ro b i  la ted  worms, 
t o t a l  worm w e igh t  pe r  group o f  mice (biomass) shou ld  be used as 
the  c r i t e r i o n  f o r  assess ing  th e  e f f e c t  o f  a secondary response.
The t h i r d  and most d ram a t ic  f e a tu re  o f  r e j e c t i o n  i s  t h a t  
a f t e r  10 days in  a na ive  ( p r e v io u s l y  u n in fe c te d )  mouse, many 
worms d e s t r o b i I  a te ,  leav ing  the  s c o le x  and p a r t  o f  the  neck 
( 0 , 5 - 1 , 0  mm long) in the  smal l  i n t e s t i n e ,  the  r e s t  o f  t h e  s t r o b i  la 
pass ing ou t  in  the  faeces (T u r ton ,  1971: Hopkins e t  a l , ,  1972_a) , 
Destrob i  l a t i o n  may occu r  e a r l i e r  than t h i s  in mu I t i p le - w o r m  
i n f e c t i o n s  (personal  o b s e r v a t i o n s ) ,  bu t  no t  n o rm a l l y  be fo re  day 
e i g h t  o f  i n f e c t i o n .  Des t rob i  l a t i o n  may no t ,  however, be a s in e  
qua non o f  r e j e c t i o n ;  the  p resen t  a u th o r  has, on a few occas ions ,  
recovered worms from the  caecum o f  th e  mouse w i t h  th e  s c o lex  s t i  I I 
a t t a c h e d .
The f o u r t h  and f i n a l  f e a t u r e  o f  r e j e c t i o n  is  the  
e x p u ls io n  o f  the  s c o le x  f rom the  smal l  i n t e s t i n e .  Des trob i  la ted  
worms f r e q u e n t l y  have dark  areas a t  t h e i r  p o s t e r i o r  t i p  (Befus 
& Threadgo ld ,  1975) and are a p p a re n t l y  r e s t r a i n e d  from regrowing 
by the  immune response o f  the  mouse; t r e a tm e n t  o f  th e  mouse w i th  
Immunosuppressants (Hopkins & S t a l l a r d ,  1976) o r  t r a n s p l a n t a t i o n  
o f  th e  worm i n t o  an immunolog ica1 I y na ive hos t  (Hopki ns e t  a l . ,  
1972_a) w i l l  p e rm i t  regrowth o f  the  d es t rob i  la ted  worm. The t im e 
taken f o r  e x p u ls io n  o f  de s t ro b i  la ted  worms appears t o  be very  
v a r i a b l e ,  and the  t e c h n i c a l  d i f f i c u l t i e s  in v o lv e d  in f i n d i n g  these  
worms make recovery  r e s u l t s  ve ry  v a r i a b l e  and u n r e l i a b l e .
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e) E v a lu a t io n  o f  the  immune response t o  H, d im inu ta
In s ing le -w orm  I n f e c t i o n s ,  the  s i t u a t i o n  is  r e l a t i v e l y  
s im p le ;  d i r e c t  comparison o f  growth o f  t h e  worms between two 
groups o r  i n d i v i d u a l s  is  p o s s ib le ,  and r e j e c t i o n  is  a s i n g l e  even t  
( i . e .  the  worm is  e i t h e r  i n t a c t  o r  is  d es t rob i  l a t e d / r e j e c t e d ) .
M u l t ip le -w o rm  i n f e c t i o n s  make r e s u l t s  less v a r i a b l e  and hasten 
r e j e c t i o n  (Befus ,  I975_a), b u t  t h e r e  are assoc ia ted  prob lems.
R e je c t io n  o f  a l l  the  worms in a mu. I t i  p le-worm burden r a r e l y  
takes p lace  s im u l ta n e o u s ly  in a mouse, and much more common is  
the  loss o f  worms ove r  a 2 -4  day p e r io d .  Comparison o f  we igh ts  o f  
worms in  d i f f e r e n t  groups o f  mice ha rbou r ing  a t  t h a t  moment in 
t im e  d i f f e r e n t  numbers o f  worms is  d i f f i c u l t ,  because the  worms 
are ex t rem e ly  s u s c e p t i b l e  t o  g r o w t h - l i m i t i n g  in te r -worm  c o m p e t i t io n  
(Roberts  & Mong, 1968; HesseIberg & Andreassen, 1975), and r e j e c t i o n  
o f  a p r o p o r t i o n  o f  t h e  worms w i l l  re lease  the  remain ing worms from 
some o f  the  crowding s t r e s s ,  H, d im inu ta  can double in  we igh t  in 
about  24 hours,  so mice in which 50^ o f  the  worms have been l o s t  
may w e l l  supp o r t  a g r e a t e r  mass o f  worms than mice in which 
r e j e c t i o n  is  less advanced.
In c o n t r a s t ,  d e s t ro b i  l a t i o n  i s  a unique even t ,  and the  
use o f  d e s t r o b i l a t i o n  as a d i s c r e t e  marker o f  the  ' e n d - p o i n t '  o f  
r e j e c t i o n  is  t e c h n i c a l l y  ve ry  s im p le ,  assuming t h a t  one i s  d e a l in g  
w i th  worms t h a t  are s u f f i c i e n t l y  la rge t o  be e a s i l y  d i s t i n g u i s h e d  
from d e s t r o b i l a t e d  worms. Consequent ly ,  the  means o f  g raph ica l  
d i s p la y  o f  r e j e c t i o n  in t h i s  t h e s i s  i s  o f t e n  th e  percen tage recovery  
o f  s t r o b i I q t e  worms p l o t t e d  a g a in s t  age o f  i n f e c t i o n  on the  
h o r i z o n t a l  a x i s .
A s ' t h e  data on worm burden w e igh t  per  mouse Is  no t  u s u a l l y
n o rm a l l y  d i s t r i b u t e d ,  s tandard  d e v ia t i o n  o f  the  mean i s ,  s t r i c t l y  
speak ing ,  no t  a v a l i d  measure o f  a n y th in g .  Mean w e igh t  o f  worm t i s s u e  
pe r  mouse is  i t s e l f  a l s o  an u n s a t i s f a c t o r y  q u a n t i t y ,  as b im o d a l l y  
d i s t r i b u t e d  r e s u l t s  (such as one o b ta in s  du r ing  t h e  course o f  
r e j e c t i o n )  g ive  a mean which is  w e l l - d i s t a n c e d  from any o t h e r  ac tua l  
r e s u l t .  To ta l  biomass o f  worms per  group o f  mice is  cons idered the  
most s a t i s f a c t o r y  q u a n t i t y  by many workers ,  a l though  t h i s  f i g u r e  
g ives  no in fo rm a t io n  as t o  i t s  c o n s t i t u t i o n .  For these reasons,
I have decided t o  d i s p la y  many r e s u l t s  as we igh ts  o f  worm t i s s u e  
f o r  each i n d i v i d u a l  mouse; d i f f e r e n c e s  between two groups o f  
mice are f a i r l y  e a s i l y  seen, as i s  the  e x te n t  o f  the  d i f f e r e n c e .
Mean w e igh t  o f  worm t i s s u e  per  mouse is  sometimes superimposed 
on t h i s  type  o f  graph; a l though no t  a ' r e a l '  f i g u r e .  I t s  use 
c a r r i e s  some advantages. Th is  mean ( h e r e i n a f t e r  r e f e r r e d  t o  as 
'mean worm w e igh t  per  mouse')  i s  the  t o t a l  biomass d i v id e d  by 
the  number o f  mice, and as such a l low s  f o r  d i f f e r e n t  numbers o f  
mice in the  groups; a v is u a l  comparison o f  the  mean w i th  the 
in d i v i d u a l  r e s u l t s  i s  e a s i l y  made, and thus t h i s  t ype  o f  d i s p la y  
makes more in fo r m a t i o n  a v a i l a b l e  t o  the  reade r .  Mice from which 
no worms were recovered are a l s o  p l o t t e d  as such on these graphs, 
which conveys a l i t t l e  e x t r a  i n fo r m a t i o n  about the  d i s t r i b u t i o n  o f  
the  worms in the  percentage recovery  f i g u r e s .
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The p resen t  s tudy
The work presented in t h i s  t h e s i s  was undertaken t o  
c h a r a c t e r i s e  more f u l l y  the  na tu re  o f  the immune responses o f  
the  mouse small  i n t e s t i n e  d i r e c t e d  a g a in s t  H, d im in u t a . The work 
is  d i v i d e d  i n t o  f o u r  p a r t s ,  each o f  which I n v e s t ig a t e s  a d i f f e r e n t  
aspec t  o f  the  response.
In the  f i r s t  Chapter ,  the  immunological  changes which 
occu r  du r ing  pregnancy and l a c t a t i o n  were s tu d ie d  w i t h  respec t  
t o  H. dimi n u t a . Both s tages in the  r e p ro d u c t i v e  c y c le  are known 
t o  depress T e f f e c t o r  lymphocyte f u n c t i o n s ,  w h i l e  an t ib ody  in d u c t io n  
and p ro d u c t io n  remain u n a l te re d  o r  enhanced. Th is  t h e r e f o r e  p rov ided  
an o p p o r t u n i t y  t o  s tudy  the e f f e c t  o f  a good an t ib ody  response w i th  
poor  T c e l l  f u n c t i o n  on the  worm. The e f f e c t s  o f  an t ib ody  alone 
were in v e s t i g a t e d  in  young, immunolog ica1ly incompetent mice r e c e i v i n g  
m i l k  f rom immunised mothers .  The f i r s t  Chapter  forms the  major  p a r t  
o f  the  t h e s i s .
In the  second c h a p te r ,  th e  source o f  the  p r o t e c t i v e  
an t igens  o f  H, dimi nuta ( i . e .  s c o le x  and /o r  s t r o b i  la)  was in v e s t i g a t e d  
by t r a n s p l a n t a t i o n  o f  worms, and by s tudy  o f  the  immunological  
p r o p e r t i e s  o f  worms s tu n te d  by i r r a d i a t i o n  (desc r ibe d  here f o r  the 
f Î r s t  t i m e ) .
In the  t h i r d  c h a p te r ,  the  e f f e c t  o f  i n t e s t i n a l  in f lamm at ion  
i n i t i a t e d  by u n re la te d  p a r a s i t e s  was s tu d ie d  w i t h  r e s p e c t  t o  "two 
Hymenolepis h o s t - p a r a s Î t e  systems in  an a t te m p t  t o  c l a r i f y  the 
reasons why some spec ies  o f  tapeworm are no t  r e je c t e d  by t h e i r  hos ts .
The f i n a l  ch a p te r  i s  an i n v e s t i g a t i o n  i n t o  the  r o le  o f  
the  lymph nodes assoc ia ted  w i t h  the  i n t e s t i n e  in  the  response t o  
Hymenolepis d im inu ta  by the  mouse, by a t te m p t in g  t o  t r a n s f e r  r e s i s t a n c e  
w i t h  lymphocytes,  and by s tudy  o f  c e l !  t r a f f i c  t o  the  i n t e s t i n e .
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GENERAL MATERIALS. & METHODS 
I • Animals used and t h e i r  maintenance
a) Mice and ra t s
Male and female mice were used, u s u a l l y  females;  unless 
o the rw is e  s t a te d ,  mice were o f  th e  same age and sex in  any one 
expe r im en t .  For the  m a j o r i t y  o f  exper iments mice were purchased from 
commercial s u p p l i e r s ,  bu t  many exper iments u t i l i s e d  mice bred a t  
the  Wellcome L a b o r a to r i e s .  The s t r a i n s  o f  mouse employed were 
ou tb red  CFLP, inbred NIH (A n g l ia  Labora to ry  An imals ,  Hunt ingdon)  
and outbred CD-I (Char les  R iv e r  L t d . ) .
To m in im ise  the  e f f e c t s  o f  c o n c u r re n t  i n f e c t i o n  w i t h  o t h e r  
metazoan, protozoan and b a c t e r i a l  organ isms,  mice used were o f  the 
h ig h e s t  grade a v a i l a b l e .  Mouse q u a l i t y  was assessed by re fe rence  
t o  the  g rad ing  system devised by th e  MRC (The A c c r e d i t a t i o n  & 
Recogn i t ion  Scheme f o r  S u p p l ie rs  o f  Labora to ry  Animals 1974 ) ,
Mice were o f  4* c a tego ry  ( f r e e  o f  a i l  i n t e s t i n a l  p ro tozoa and 
he lm in ths )  whenever p o s s ib le ,  bu t  on some occas ions 3* o r  2*  mice 
( f r e e  o f  ces todes,  i n c lu d in g  in te rm e d ia te  s tages)  were used; i f  
i n f e c t i o n  w i t h  the  pinworms A s p i c u l u r i s  t e t r a o t e r a  o r  Syphacia 
obve Ia ta  was de tec ted ,  the  mice were t r e a te d  w i th  p ip e ra z in e  be fo re  
s t a r t i n g  the  exper iment  (see 'A n th e lm in t i c s *  in t h i s  s e c t i o n ) .
On no occas ion was any cestode found a t  autopsy o t h e r  than those 
a dm in is te red  du r in g  th e  course o f  the  exper iments .
Rats used were o f  the  ou tb red  CFHB s t r a i n  ( W is ta r - d e r l v e d )  
bred a t  the  We I I come L a b o r a to r i e s .
In most exper iments  mice were caged in groups o f  f o u r  o r
f i v e  in po lyp ropy lene  cages 48 cm x .15 cm x 13 cm; in some l a r g e r  
expe r imen ts ,  mice were caged in groups o f  10 in 45 cm x 28 cm x 13 cm 
cages (Nor th  Kent P l a s t i c s  L t d . ) .  Sawdust o r  wood shavings were used 
as bedding;  bedding was rep laced  a t  l e a s t  tw ic e  per  week. Animal rooms 
were ma in ta ined  t h e r m o s t a t i c a l l y  a t  20-22^0; the  l i g h t i n g  was 
a u t o m a t i c a l l y  m a in ta ined  on a 12 hour  c y c le  in  w i n t e r ,  b u t  f o l l o w e d  
day length  in summer. Tap w a te r ,  n o rm a l l y  w i t h o u t  a d d i t i v e s ,  was 
a v a i l a b l e  t o  the  animals  ad I i b i t u m , as was food (Rat  and Mouse 
Breed ing D i e t ,  Gra in  H a rves te rs  L t d . ) .
b) P a ra s i te s
The s t r a i n s  o f  Hymenolepis d im inu ta  and H. microstoma used 
were o b ta in e d  from Rice U n i v e r s i t y ,  Houston, Texas in 1963 and 
1964 r e s p e c t i v e l y ,  and s ince  then have been m a in ta ined  a t  the 
Wellcome L a b o ra to r ie s  by repeated passage th rough f l o u r  b e e t le s  
( T r i b o l i u m  confusum) and r a t s  ( f o r  H. dimi n u t a ) o r  mice ( f o r  
H. m ic ros toma) .
The techn ique  f o r  i n f e c t i n g  b e e t le s  w i th  the  tapeworm eggs 
in v o lv e d  re c o v e r in g  a d u l t  worms from the  smal l  i n t e s t i n e  o f  the  
mouse o r  r a t ,  p l a c in g  mature g r a v id  p r o g l o t t i d s  ( m a t u r i t y  assessed 
by the  appearance o f  the  eggs which escape from punctured p r o g l o t t i d s )  
In d i s t i l l e d  w a te r  a t  room tem pera tu re ,  and homogenising the 
p r o g l o t t i d s  in a MSE b le n d e r  f o r  90 seconds by t u r n i n g  the  
( u n c a l i b r a t e d )  speed c o n t r o l  th rough I80^ \  The r e s u l t i n g  homogenate 
was placed in  a round-bottomed c r y s t a l l i s i n g  d ish  and the  eggs 
a l lowed  t o  s e t t l e  o u t .  The s u p e rn a ta n t  c o n t a i n in g  unwanted homogenised 
t i s s u e  was d isca rded  and the  eggs resuspended in  w a te r ;  t h i s  process 
was then repea ted .  A f t e r  washing,  the eggs were d r ie d  t o  a m o is t
16
paste w i th  s t r i p s  o f  f i l t e r  paper,  and the eggs were presen ted 
on a c i r c l e  o f  f i l t e r  paper t o  b e e t le s  which had been s ta rved  f o r  
3 t o  5 days. A f t e r  24 hours ,  most o f  the eggs had been eaten,  and 
the bee t les  were then g iven wholemeal f l o u r .
L a t t e r l y ,  a s l i g h t l y  d i f f e r e n t  method was used f o r  c o l l e c t i o n  
o f  H. d im inu ta  eggs f o r  b e e t le  i n f e c t i o n .  Faecal p e l l e t s  o f  r a t s  
ha rbou r ing  mature H. d im inu ta  were c o l l e c t e d  in tap w a te r  ove r  
24 hc|rs. Grav id  p r o g l o t t i d s  were then recovered and b l o t t e d  to  
remove most o f  the s u r fa c e  w a te r  be fo re  be ing given d i r e c t l y  t o  
s ta rve d  b e e t l e s .  I t  was found t h a t  t h i s  l a t t e r  method gave a 
h ig h e r  leve l  o f  i n f e c t i o n  o f  b e e t le s  (15-20 c y s t i c e r c o i d s  pe r  b e e t l e )  
than the  fo rmer  (abou t  8 c y s t i c e r c o i d s  per  b e e t l e ) .
Al though c y s t i c e r c o i d s  o f  H. d im inu ta  are t h e o r e t i c a l l y  
mature 14 days a f t e r  i n f e c t i n g  the  b e e t le s ,  a t  l e a s t  21 days were 
a l lowed a f t e r  i n f e c t i o n  be fo re  us ing the  c y s t i c e r c o i d s . The b e e t le s  
were ma in ta ined in dark  in cuba to rs  a t  25^C ( l a t t e r l y  28°C).
B e e t le  la rvae were removed month ly  f rom In fe c te d  s to c k  t o  p reven t  
d i l u t i o n  o f  the  in fe c te d  p o p u la t i o n .
The s t r a i n  o f  T r i c h i n e l l a  s p i r a l i s  used in  exper iments  in  
Chapters 3 and 4 was ob ta ined  from the  London School o f  Hygeine and 
T r o p i c a l  Med ic ine ,  and was m a in ta ined  by passage th rough mice 
( u s u a l l y  CFLP s t r a i n ) .  I n f e c t i v e  la rvae  were ob ta ined  by d ig e s t io n  o f  
s to c k  mice which had been I n fe c te d  f o r  a t  le a s t  60 days. One o r  two 
s tock  mice were k i l l e d ,  minced, and d iges ted  f o r  2 i  hours in 
500 ml o f  0.5% pepsin in 0.5% HCI a t  37°C. A f t e r  f i l t e r i n g  o f f  
coarse  und iges ted  sediment ,  the  la rvae  were c o l l e c t e d  by repeated 
washing and sed im en ta t ion  in 0.9% NaCI, The la rvae  were c o l l e c t e d  and 
suspended in  0.2% agar t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  app rox im a te ly
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2000 la rv a e /m l ,
2,  I n f e c t i o n  procedures
a) Oral i n f e c t i o n
When fewer  than 50 c y s t i c e r c o i d s  were r e q u i r e d ,  they  were 
d is s ec te d  o u t  f rom in fe c t e d  b e e t le s  in  HBSS (see 'Ba lanced s a l t  
s o l u t i o n '  in t h i s  s e c t i o n )  w i t h  mounted needles and f i n e  fo rc e p s .
When more than 50 c y s t i c e r c o i d s  were re q u i re d ,  they  were ob ta ined  
by homogenisat ion (see R id ley  & M ac lnn is ,  1968); the  a p p ro p r ia te  
number o f  b e e t le s  was p laced in  HBSS and homogenised in  the MSE 
b le n d e r  a t  room tempera tu re  f o r  30 seconds a t  the 180® speed s e t t i n g .  
The homogenate was then poured i n t o  a 10 cm p e t r i  d i s h ;  s w i r l i n g  
the  con ten ts  e f f e c t i v e l y  c o l l e c t e d  the  c y s t i c e r c o i d s  in  the  c e n t re  
o f  the  d i s h .
W i th in  one hour  o f  p re p a r in g  the  c y s t i c e r c o i d s  (un less  
o th e rw is e  s t a t e d ) ,  mice were i n f e c t e d  by stomach tube w h i l e  under 
l i g h t  e t h e r  anaes thes ia .  The stomach tube  apparatus cons is te d  o f  
a 2 ,5  ml s y r in g e  connected t o  30-40 cm o f  po ly thene  t u b in g  (P o r te x  
L t d . )  v i a  a hypodermic needle o f  a p p ro p r i a te  gauge. 1,27 mm 00 
t u b in g  was used f o r  I n f e c t i n g  r a t s ,  1,00 mm OD f o r  la rge (ove r  25 g) 
mice, and 0 ,80  mm OD f o r  smal l  mice.  C y s t i c e r c o i d s  were f lu s he d  
I n t o  the stomach w i t h  app ro x im a te ly  0 .3  ml HBSS from the  s y r i n g e .
Larvae o f  T . s p i r a l i s  were adm in is te red  o r a l l y  w i th  a 
s y r in g e  and b lu n te d  cannula  in 0 , 1 - 0 , 2  ml o f  0,2% agar.
Throughout  the  t h e s i s ,  the  day o f  i n f e c t i o n  Is  des igna ted 
day 0 p . i ,  ( pos t  i n f e c t i o n ) .
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b) S u rg ic a l  i n f e c t i o n
In many expe r im en ts ,  mice were i n fe c te d  w i th  H. d im inu ta  
by i n s e r t i n g  s t r o b i l a t e  worms ( recovered  from donor r a t s  o r  mice 
t r e a t e d  w i t h  c o r t i s o n e )  d i r e c t l y  i n t o  the  duodenum o f  r e c i p i e n t s .  
R e c ip ie n t  mice were ana es th e t ised  w i th  a m ix tu re  o f  'S a g a t a l '
(sodium p en tab a rb i tone  60 mg/ml; May & Baker L t d . ) ,  95% ethano l  
and HBSS in the  r a t i o  I : I , 5 : 7 ,5  by volume. T h is  s o l u t i o n  was 
adm in is te red  by i n t r a - p e r i t o n e a I  i n j e c t i o n  o f  0.01 ml per gram 
body we igh t  up t o  25g, t h e r e a f t e r  0,03 ml pe r  5 g body w e ig h t .  
Induc t ion  is  ra p id  (n o rm a l ly  w i t h i n  one minute)  and the  anaesthes ia  
p e r s i s t s  f o r  2-3 hours ;  s u rge ry  was u s u a l l y  c a r r i e d  o u t  w i t h i n  one 
hour  o f  a d m in i s t r a t i o n  o f  the a n a e s th e t i c .
When the  a n a e s th e t i c  had f u l l y  taken e f f e c t ,  the  abdomen 
o f  the  mouse was shaved and swabbed w i t h  70% a l c o h o l .  In a d d i t i o n  t o  
s t e r i l i s i n g  the  s k in ,  the  e v ap o ra t ion  o f  the a lcoho l  causes smal l  
s u p e r f i c i a l  b lood vesse ls  t o  c o n s t r i c t ,  t he reby  making l a rg e r  
vesse ls  more obv ious v i s u a l l y ,  A smal l i n c i s i o n  ( l e s s  than I cm) 
v/as made w i t h  a sca lpe l  j u s t  t o  the  a n im a l 's  r i g h t  o f  the m id l i n e  
I cm below the edge o f  the  r ib c a g e .  The body w a l l  was then 
pene t ra ted  us ing ve ry  sharp f i n e  fo rceps ,  the  p o in t s  o f  which were 
opened o u t  a f t e r  i n s e r t i o n  t o  p ro v id e  an opening th rough which 
the  prox imal duodenum was p u l l e d ,  us ing a smal l  rounded metal hook. 
To reduce adhesions betv/een the  s k in  and body w a l l ,  the  body w a l l  
was opened a t  a p o i n t  t h a t  d id  no t  u n d e r l i e  the s k in  i n c i s i o n .  The 
duodenum was punctured w i th  a hypodermic needle ,  and the  worm was 
in t roduced  w i th  Por tex  t u b in g  o f  d iame te r  a p p ro p r i a te  t o  the  worm, 
t he  tu b in g  be ing a t ta c hed  t o  a I ml s y r i n g e .  The worm was drawn 
I n to  the  tube ,  sco lex  f i r s t ,  making sure  t h a t  t h e  worm was no t
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damaged in the process,  so t h a t  on i n s e r t i n g  the  tube the worm was 
e x p e l l e d  p o s t e r i o r  end f i r s t .  The tube was in s e r te d  so t h a t  the 
worm was washed down the i n t e s t i n e  (w i th  0 .3  ml HBSS) r a t h e r  than 
towards the  stomach; the  open end o f  the  tube was c u t  o b l i q u e l y  
t o  f a c i l i t a t e  i n s e r t i o n .  A f t e r  w i th d ra w ing  the tube ,  the  punc tu re  was 
s u tu red  w i th  one s t i t c h  (0 ,7  M M e r s i l k  Mersu ture ,  E th icon  L t d . ) .
The exposed i n t e s t i n e  serosa was then sprayed w i th  an aeroso l  m ix tu re  
o f  b a c i t r a c i n ,  polymyx in  and neomycin (R ikospray ,  R ik e r  Lab o ra to r ie s  
L t d . ) ,  The loop o f  i n t e s t i n e  was then rep laced i n t o  the  body c a v i t y  
and the  body w a l l  was su tu red  w i th  one s t i t c h  and sprayed w i th  
R ikospray ,  The s k in  was then s u tu red  w i t h  two s t i t c h e s  ( i t  be ing 
e s s e n t i a l  f o r  h e a l i n g  t h a t  the  i n t e r n a l  su r faces  o f  the  s k in  are 
presen ted t o  each o th e r )  sprayed w i t h  R ikospray and sea led w i th  
aeroso l  p l a s t i c  s k in  (Nobecutane, As t ra  Chemicals L t d . ) .
Using these procedures ,  about  90% o f  the  o p e ra t io n s  were 
conducted w i t h o u t  any n o t i c e a b le  blood leakage. M o r t a l i t y ,  
u s u a l l y  a t t r i b u t a b l e  t o  the  a n a e s th e t i c ,  was less than 5%, Mice 
were r o u t i n e l y  g iven Ter ramyc in  in  t h e i r  d r i n k i n g  w a te r  
p o s t - s u r g i c a l  I y (see ' Immunosuppression & A n t i b i o t i c s '  in t h i s  
s e c t i o n ) .
3.  AntheI m in t i  cs
Co lon ies  o f  mice found t o  be ha rbour ing  the  pinworms 
A, t e t r a p t e r a  o r  S. o b v e la ta  were t r e a te d  w i t h  p ip e r a z in e  c i t r a t e  
( ' C i t r a z i n e ' ,  Lover idge L t d . )  In the  d r i n k i n g  wa te r  a t  a c o n c e n t r a t i o n  
o f  3 g / l ,
To remove expe r im en ta l  cestodes c h e m ic a l l y ,  th e  a n t h e l m in t i c  
ox y c loz an ide  C Z a n i l * ,  ICI L t d . )  was a dm in is te red  t o  mice by
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stomach tube a t  a c o n c e n t r a t i o n  o f  250 mg/kg. The mean w e ig h t  per 
mouse was rough ly  de termined and the Zani I d i l u t e d  w i t h  d i s t i l l e d  
w a te r  a c c o r d in g l y  such t h a t  each mouse rece ived 0 ,5  ml,
4.  Immunosuppression and a n t i b i o t i c s
In some exper iments  the  immunosuppressive drug c o r t i s o n e  
a c e ta te  ( ' C o r t i s t a b ' ,  Boots L t d . )  was used; t h i s  was adm in is te red  
every second o r  t h i r d  day (n o rm a l l y  Monday, Wednesday and F r ida y )  
commencing on day 0.  The dose f o r  mice was 1 .0 -1 ,25  mg per 
subcutaneous i n j e c t i o n  (0 .0 4 -0 .0 5  ml C o r t i s t a b ) .
To p reven t  the  appearance o f  o p p o r t u n i s t i c  i n f e c t i o n  w i th  
b a c t e r i a ,  c o r t i s o n e - t r e a t e d  an imals  and animals t h a t  had undergone 
su rge ry  were g iven the  a n t i b i o t i c  o x y t e t r a c y c I Îne HCI ( ' T e r r a m y c i n ' ,  
P f i z e r  L t d . )  a t  a c o n c e n t r a t i o n  o f  165 mg/I o x y t e t r a c y c l i n e  
(3 g / l  T e r ra m y c in ) .  T h is  c o n c e n t r a t i o n  p rov ides  a dosage o f  about 
30 mg/kg/day f o r  mice and 20-25 mg/kg/day f o r  r a t s .  A l though 
o x y t e t r a c y c I i ne has r e c e n t l y  been found t o  have immunosuppressive 
p r o p e r t i e s  (Thong & F e r ra n te ,  1979), no e f f e c t  on growth o r  
s u r v i v a l  o f  H. d im inu ta  has been de tec ted ;  n e v e r th e le s s ,  r e le v a n t  
c o n t r o l  groups were a l s o  g iven o x y t e t r a c y c I i ne in  t h e i r  d r i n k i n g  
w a te r ,
5,  Recovery o f  worms
H. d im inu ta  was recovered from mice and r a t s  by removing 
the  smal l  i n t e s t i n e  and f l u s h i n g  the  con ten ts  i n t o  a c r y s t a l l i s i n g  
d ish  w i th  up t o  50 ml o f  HBSS; t o  accompl ish t h i s ,  a 50 ml s y r in g e  was 
f i t t e d  w i th  a w ide -bo re  b l u n t  cannula which was i n s e r t e d  i n t o
the  a n t e r i o r  end o f  the  smal l  i n t e s t i n e .  I f  fewer  than 100% o f  
the worms were recovered ,  the  washings and the smal l  i n t e s t i n e  
( s p l i t  l o n g i t u d i n a l l y )  were inspec ted  under x6 m a g n i f i c a t i o n  w i th  
a b i n o c u l a r  microscope us ing t r a n s m i t t e d  l i g h t .
In exper iments  where d e s t r o b i l a t e d  o r  smal l  worms ( le s s  than 
0,1 mg d ry  w e ig h t )  were t o  be recovered,  the  i n t e s t i n e  was s p l i t  
l o n g i t u d i n a l l y  and c u t  t r a n s v e r s e l y  i n t o  f o u r  rough ly  equal 
segments, and incubated in 5 cm p e t r i  d ishes a t  37®C f o r  I î - 4  hours .  
These dishes were inspec ted  a t  i n t e r v a l s  f o r  the appearance o f  worms 
which had become deta tched  from the  mucosa. A l though t ime-consuming ,  
t h i s  method was found t o  be much more e f f i c i e n t  than a Baermann 
type  appara tus .
A l l  the  worms ove r  2-3 mm long ( i . e .  ove r  0,1 mg dry  w e ig h t )  
recovered from each mouse were b l o t t e d  dry  on f i  I t e r  paper and placed 
In alumin ium f o i l  cups in an oven a t  90-l00®C f o r  a minimum o f  
24 hou rs .  The d ry  w e ig h t  o f  worm t i s s u e  from each mouse was then 
recorded t o  the n ea re s t  0.1 mg.
Adu11 T. s p i r a l i s  were recovered by rermoving the  smal l  
i n t e s t i n e ,  s p l i t t i n g  i t  l o n g i t u d i n a l l y ,  and in c u b a t in g  i t  a t  37®C 
f o r  2 hours in  a s i m p l i f i e d  Baermann appara tus .
6.  S t a t i s t i c a l  t r e a tm e n t  o f  r e s u l t s
Unless o th e rw is e  s t a te d ,  the  s t a t i s t i c a l  s i g n i f i c a n c e  o f  
d i f f e r e n c e s  in  worm we igh ts  between two groups o f  mice was assessed
by rank ing  the  va lues  o f  d ry  w e ig h t  o f  worm t i s s u e  per  mouse fo l l o w e d
by a p p l i c a t i o n  o f  the  WiIcoxon t e s t  f o r  non -pa i red  samples as
descr ibed  by Snedecor & Cochran (1957 ) ,  Values o f  p less than 0,05 
were cons idered t o  i n d i c a t e  h s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e .
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In Chapters 2 and 4,  S tu d e n t ' s  t  t e s t  was sometimes a p p l i e d ,  bu t  
I t  Is always c l e a r l y  s t a te d  t h a t  t h i s  was the  t e s t  used; s tandard  
d e v ia t i o n s  are g iven w i th  data when t h i s  t e s t  i s  used,
7,  Balanced s a l t  s o l u t i o n  (HBSS)
M o d i f ie d  Hanks'ba lanced s a l t  s o l u t i o n  ( r e f e r r e d  t o  th ro u g h o u t  
t h i s  t h e s i s  as HBSS) used was as desc r ibed  by Hopkins & S t a l l a r d
(1974) ,  Hanks 'sa l i n e  was m o d i f ie d  by e x c lu d in g  g lucose and NaHCO^ 
and in c re a s in g  the rema in ing  s a l t s  pro r a ta  t o  an osm ot ic  p ressure  
o f  300 m-osmole.




0 , 2% phenol red 200 ml
made up t o  2 l i t r e s  w i t h  de ion ised  wa te r
S o lu t io n  I I  CaCl2 . 2H20 3,92 g
MgCl2 . 6H20 2.00  g
made up t o  2 l i t r e s  w i th  de ion ised  w a te r
105 ml each o f  s o l u t i o n s  I and I I were mixed and made up t o  
I l i t r e  w i th  de ion ised  w a te r ,  g i v i n g  a f i n a l  pH o f  7 ,2 ,
23
CHAPTER
PREGNANCY, LACTATION, AND 




The mammalian foe tus  is  a n a tu ra l  a l l o g r a f t  t h a t ,  under 
normal immunological  c o n d i t i o n s ,  would q u i c k l y  be recogn ised as 
having  f o r e ig n  ( i , e .  p a t e r n a l )  h i s t o c o m p a t i b i l i t y  an t igens  and 
would be immune l o g i c a l l y  r e j e c t e d .  Desp i te  the  f a c t  t h a t  a n t ib o d ie s  
are produced by the  mother a g a in s t  pa te rna l  t r a n s p l a n t a t i o n  
an t ig ens  ( C e p p e l l i n i ,  1971), r e j e c t i o n  o f  the  foe tus  does no t  
n o rm a l ly  occu r ,  and t h i s  is  a problem t h a t  has fa s c in a te d  
immunolog is ts  f o r  many years  (see Medawar, 1953). Var ious t h e o r i e s  
t o  e x p la in  the n o n - r e a c t i v i t y  o f  the  mother have been advanced; 
the  u te rus  may be an i mmunologîcaI I y p r i v i l e g e d  s i t e  (K i r b y ,  
B i l l i n g t o n  & James, 1966), o r  may form an im m uno log ica l l y  i n e r t  
b a r r i e r  ( C u r r i e ,  Doorn inck & Bagshave, 1968), o r  the  t r o p h o b I a s t  
may be p o o r l y  a n t i g e n i c  (Palm, Heyner & B r i n s t l e r ,  1971). In 
recen t  years ,  however, i t  has been found t h a t  pregnancy a l t e r s  the  
immunological r e a c t i v i t y  o f  th e  animal as a whole .  The i l i a c  
lymph nodes ( those  d r a in in g  the  u te rus )  inc rease  in w e igh t  du r in g  
pregnancy (see McLean, Mosley & Gibbs, 1974), and e x h i b i t  
c e l l u l a r  p r o l i f e r a t i o n  and enhanced t r a p p in g  o f  lymphocytes 
pass ing th rough the  nodes (Ansel I , McDougal l ,  Speedy & Inch ley,
1978); however, th e  o t h e r  lymph nodes o f  the  body and the  thymus 
are adve rse ly  a f f e c t e d  by pregnancy.  There is  a la rge volume o f  
pub l ished  work on the  thym ic  i n v o l u t i o n  t h a t  occurs  du r in g  pregnancy; 
T h is  e f f e c t  was p robab ly  f i r s t  desc r ibed  by F u lc i  (1913) ,  The 
main fe a tu re s  are t h a t  thymus w e igh t  decreases d r a m a t i c a l l y  du r in g  
pregnancy ( M i l l a r ,  M i l l s  & Ba ines,  1973; McLean e t  a l . ,  1974)
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and t h a t  t h i s  is  assoc ia ted  w i th  d i s r u p t i o n  o f  thym ic  a r c h i t e c t u r e ,  
the  c o r t i c a l  reg ion  be ing most a f f e c te d  (I t o  & Hoshino, 1962; 
m i l i a r  e t  a l . ,  1973),
As m igh t  be expected,  the immunosuppressive e f f e c t s  o f  
pregnancy are l a r g e l y  due t o  i n t e r f e r e n c e  w i th  T c e l l  f u n c t i o n .  
Depressed in  v i v o  T-dependent processes in c lud e  the  response t o  
oxazo ione (Skowron-Cendrzak, Ptak ,  Bubak & C za rn ik ,  1975) and 
p i c r y l  c h l o r i d e  (F a b r is ,  1973); s lo w e r  sk in  a l l o g r a f t  r e j e c t i o n  
(Andresen & Munroe, 1962; Beer & B i l l  Ingham, 1974) and reduced 
response t o  loca l  g r a f t - v e r s u s - h o s t  r e a c t io n  (Skowron-Cendrzak 
e t  a l , ,  1975).  The t o t a l  number o f  c i r c u l a t i n g  T c e l l s  may 
decrease du r ing  pregnancy, a t  l e a s t  in  humans (Bulmer & Hancock, 
1977), a l though t h i s  i s  d ispu ted  (see S ab lov îc  & DeRomemont, 1978).
C o r r e l a t i n g  w i th  t h i s ,  i n v i t r o  responses o f  lymphocytes 
are depressed a f t e r  a d d i t i o n  o f  pregnancy serum; e . g .  s t i m u l a t i o n  
o f  c e l l  d i v i s i o n  o f  T lymphocytes by mitogens (Lei  ken, 1972;
Bjune, Duncan, Barnetson & Melsom, 1978) and mixed lymphocyte 
c u l t u r e  r e a c t io n s  (Kasakura,  1971), Lymphocytes f rom pregnant women 
a ls o  show reduced responsiveness t o  PHA, a T c e l l  m itogen, in 
the  absence o f  pregnancy serum ( P u r t i l o ,  H a l Ig ren  & Yunis ,  1972) 
and lymphocytes f rom pregnant  mice have h ig h e r  r o s e t t e  I n h i b i t i o n  
t i t r e s  (a measure o f  immunodépression -  see Morton, Hegh & Cl un ie ,  
1974), The degree o f  immunosuppression caused by pregnancy is  
a p p a re n t l y  l a r g e l y  r e la t e d  t o  the  e x t e n t  t o  which pa te rna l  and 
maternal  t r a n s p l a n t a t i o n  an t ig ens  d i f f e r ;  syngene ic  mat ings 
s t im u la t e  less immunosuppression in  mice than do a l l o g e n e i c  mat ings 
(Skowron-Cendrzak e t  a l , ,  1975),
Thymus-dependant f u n c t i o n s  thus appear t o  be depressed 
du r in g  pregnancy, bu t  B c e l l  f u n c t i o n  is  a p p a re n t l y  l a r g e l y
26
u n a l te re d  o r  even enhanced; th e  number o f  c i r c u l a t i n g  B c e l l s  
remains una l te red  du r in g  pregnancy (Bulmer & Hancock, 1977; Plum, 
T h ie ry  & Sabbe, 1978),  IgE p rodu c t ion  Is una f fec ted  by pregnancy 
( V i j a y  & B u t t a r ,  1977) and an t ib ody  response t o  sheep e r y th r o c y t e s  
i s  enhanced in pregnant  mice (F a b r i s ,  1973); as th e  an t igens  in 
these exper iments were presented du r ing  pregnancy, th e  p o s s i b i l i t y  
must e x i s t  t h a t  ' h e l p e r '  T c e l l s ,  necessary f o r  p rodu c t ion  o f  
a n t ib o d ie s  t o  T-dependent an t igens  (reviewed by G i s l e r ,  1977), 
remain u n a f fe c te d ,  a t  le a s t  In a suppress ive  sense, by pregnancy. 
O ther  c e l l  types t h a t  have been in v e s t i g a te d  inc lude  
n e u t r o p h i l s  and monocytes,  which increase In number du r in g  pregnancy 
(Plum e t  a l , ,  1978),  N e u t ro p h i l s  d i s p la y  enhanced phagocytos is  
o f  immune complexes in the  presence o f  pregnancy serum (Rosentha l ,  
1977), bu t  pregnancy serum w i l l  a l s o  cause a decrease In the re lease  
o f  lysosomal enzymes from macrophages.
Again,  many t h e o r i e s  have been advanced t o  e x p la in  why 
pregnancy has t h i s  modu la t ing  e f f e c t  on the n o n -u te r i  ne immune 
system, the most a t t r a c t i v e  hypotheses being based on the  observed 
■changes in c o n c e n t ra t io n s  o f  serum p ro te in s  o r  hormones. The 
non-hormonal t h e o r i e s  inc lude  ev idence f o r  the  immunosuppressive 
a c t io n  o f  p la c e n ta l  and h e p a t i c  t r a n s c o r t i n  (Werthamer, Gov indara j  
& Amaral,  1976), 'b lock ing *  a n t i  bod ies (H e l ls t ro m ,  H e l l s t r o m  &
Brawn, 1969), pregnancy zone p r o t e in  (Von Shou t tz ,  S t igb rand  & 
T a r n v i k ,  1973), and a I p h a - fo e to p r o te in  (Yachnin,  1975; Gupta &
Good, 1977), S te ro id  hormones have long been suspected as being 
the  cause o f  the Immunodépression, the  s t a t e  o f  pregnancy induc ing  
r a d ic a l  changes in the  p a t t e rn  o f  hormone s e c r e t i o n ;  f o r  example,  
the  leve l  o f  serum c o r t i c o s t e r o n e  in the  mouse increases from a 
n u l l l p a r o u s  leve l  o f  2 .3  ^ g / ! 0 0  ml plasma 6 0 - f o ld  t o  a leve l  o f
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138 ^ g / lO O  mi plasma In the  second h a l f  o f  pregnancy (Bar low,  
Morr ison & S u l l i v a n ,  1974), C o r t i c o s t e r o i d s  are known t o  be 
immunosuppressive,  e s p e c i a l l y  in  the  mouse, which Is a s t e r o i d  
s e n s i t i v e  spec ies  (rev iewed by Claman, 1975)» Al though plasma 
c o r t i c o s t e r o n e  d u r in g  pregnancy i s  98^ p ro te in -bound  ( Bar Iow e t  a l , ,  
1974), the  c a r r i e r  p r o t e in  may a l s o  c o n t r i b u t e  t o  the  
Immunodépression (Werthamer e t  a l . ,  1976), Other hormones found 
t o  have an immunosuppressive e f f e c t  in v i t r o  in c lu d e  progeste rone 
and de r ived  s t e r o i d s ,  e s t r a d i o l ,  e s t ro n e ,  e s t r i o l ,  t e s to s te r o n e  
d e r i v a t i v e s ,  h y d ro c o r t i s o n e ,  and human c h o r i o n i c  gonadot rop in  (HOG) 
( S c h i f f ,  M e rc ie r  & Buck ley ,  1975; Rembiesa, Ptak & Bubak, 1974; 
Mendelsohn, Mu I t e r  & Bernheim, 1977),  Sch i f f  e t  a I . (1975) found 
t h a t  va r iou s  g e s t a t io n a l  hormones cou ld  i n h i b i t  human lymphocyte 
DNA s y n th e s i s ,  bu t  o n ly  a t  ve ry  h igh ,  sup rap hys io l o g î caI 
c o n c e n t r a t i o n s ;  the  p o s s i b i l i t y  e x i s t s ,  however, t h a t  these hormones 
a c t  s y n e r g i s t i c a I l y  o r  have a long - te rm  e f f e c t .  Progesterone is 
p robab ly  a more im po r tan t  f a c t o r  than the  oes t rogens ;  in the  mouse, 
the  c o n c e n t r a t i o n  o f  serum proges te rone  r i s e s  s h a r p l y  between days 
two and s i x  o f  pregnancy, and o n l y  begins t o  d e c l i n e  a f t e r  d a y , 17. 
The c o n c e n t r a t i o n  o f  o e s t r a d i o l  drops d r a m a t i c a l l y  on the  f i r s t  
th re e  days o f  pregnancy, and le v e ls  are rough ly  i n v e r s e ly  
p r o p o r t i o n a l  t o  p roges te rone d u r in g  pregnancy (McCormack &
Greenwald,  1974), E a r l y  r e p o r t s  o f  the s t ro n g  immunosuppressive 
e f f e c t  o f  HOG ( C o n t ra c to r  & Davies,  1973; Adcock, Teasdale,  August,  
Cox, Meschia,  B a t t a g l i a  & Naughton, 1973) have no t  been conf i rmed 
in exper iments  us ing h i g h l y  p u r i f i e d  HCG r a th e r  than crude 
commercial p r e p a ra t io n s  (Muchmore & Blaese, 1977),
There has been r e l a t i v e l y  l i t t l e  work on the  e f f e c t  o f  
pregnancy on th e  course o f  i n f e c t i o n  w i th  p a r a s i t i c  organ isms;
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s u s c e p t i b i l i t y  t o  the  e f f e c t s  o f  sma l lpox ,  p o l i o m y e l i t i s ,  r u b e l l a  
and v a r i c e l l a  v i r u s e s  is  enhanced du r in g  pregnancy (P ic k a rd ,  1968; 
Mims, 1977), and exace rb a t ion  o f  m a la r i a l  i n f e c t i o n s  in pregnant  
women is  common ( G i l l e s ,  Lawson, Si be las.  V o i l e r  & A l l e n ,  1969).
One o f  the  few re p o r ts  o f  t h e  e f f e c t  o f  pregnancy on metazoan 
p a r a s i t e  i n f e c t i o n  Is f rom Larsh (1949),  who found t h a t  mice 
i n f e c t e d  w i th  1000 ' HymenoIep i s ' ( =H, nana) eggs in the  second 
week o f  pregnancy "harboured an average of  about tw ic e  as many 
cys ts  as the  c o n t r o l s  (67 ,7  and 3 1 , 2 ) " ,  He a t t r i b u t e d  t h i s  t o  
anaemia in the  pregnant  mice, bu t  the  a l t e r e d  p hys ica l  and 
p h y s i o l o g i c a l  s t a t e  o f  the  smal l i n t e s t i n e  in la te  pregnancy ( C r a f t ,  
1970) may a l s o  have a l t e r e d  th e  " n a t u r a l  r e s is ta n c e  t o  t h i s  
p a r a s i t e "  in a d d i t i o n  t o  any d e f i c i e n c y  in immune respons iveness.
2) Lac ta t  i on
In c o n t r a s t  t o  pregnancy, l a c t a t i o n  is  we l l -documented by 
p a r a s i t o l o g i s t s  as depress ing  immunity t o  p a ra s i t e s  o f  the  i n t e s t i n e ,  
bu t  very  l i t t l e  ' p u r e l y  im m uno log ica l '  work has been pub l ished  on 
the  s u b j e c t .  The thym ic  i n v o l u t i o n  o f  pregnancy s tops a t  p a r t u r i t i o n  
and the  thymus s t a r t s  t o  regenera te ;  t h i s  re g e n e ra t io n ,  however, 
i s  re ta rded  by l a c t a t i o n ,  be ing f a s t e r  i f  l a c t a t i o n  is  p rem atu re ly  
te rm in a te d  ( I t o  & Hoshino, 1962),  As w i t h  pregnancy, i n d u c t io n  and 
exp ress ion  o f  an t ib ody  responses appear t o  be la r g e l y  u na f fec ted  
du r in g  l a c t a t i o n  ( K e l l y  & O g i l v i e ,  1972; Connan, 1973; Sei’by &
Wake I in ,  1975), so i t  appears t h a t  c e l l - m e d ia te d  immunity, is  
again the  f u n c t i o n  t h a t  i s  depressed.
Increased s u s c e p t i b i l i t y  t o  i n t e s t i n a l  nematode i n f e c t i o n  
d u r in g  l a c t a t  I on has been demonstrated in seve ra l  h o s t - p a r a s i t e
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systems (Table  1 : ! ) »  In exper imenta l  s i t u a t i o n s ,  most work on 
the  immune mechanisms depressed du r in g  l a c t a t i o n  has been on the 
Ni ppos trongy I  us bras i I i  ens i s -  r a t  model. I t  has been found t h a t  
a l though  an t i -wo rm  an t ib ody  p ro d u c t io n  is  u na f fec ted  by l a c t a t i o n  
(Connan, 1973^)  and t h a t  worms in  l a c t a t i n g  r a t s  are  damaged by 
t h i s  an t ib ody  ( K e l l y  & O g i l v i e ,  1972), the e x p u ls io n  o f  worms is  
impai red in  p r imary  and secondary i n f e c t i o n s  (Connan, 1970, 1972a).
M esen te r ic  lymph node c e l l s  (MLNC) from l a c t a t i n g  ra ts  
are capable o f  t r a n s f e r r i n g  immuni.ty t o  N. bras I I iens i  s t o  
nui I ipa rous  r e c i p i e n t s ,  sugges t ing  t h a t  i t  is  the  f i n a l  e f f e c t o r  
arm o f  t h e  response t h a t  is Impaired (Dineen & K e l l y ,  1972); 
a l though these authors  a l s o  found t h a t  immune MLNC from n u l l i p a r o u s  ra ts  
were f u n c t io n a l  In l a c t a t i n g  r e c i p i e n t s ,  Ngwenya (1975^) ,  using 
T r i c h i n e l l a  s p i r a l i s  in  the  mouse found t h a t  t r a n s f e r  o f  immunity 
w i th  c e l l s  between l a c t a t i n g  and n u l l i p a r o u s  an imals was not  p o s s ib le  
in e i t h e r  d i r e c t i o n .  Th is  may, however, be due t o  the  exper imenta l  
proceedure used by the  l a t t e r  a u tho r  ( im mun isa t ion  w i th  T . s p i r a l i s  
an t igen  and t r a n s f e r  o f  immunity w i th  spleen c e l l s ) .  Eos inoph i l  la 
and mast c e l l  I n f i l t r a t i o n  in  the  wa l l  o f  the  smal l  i n t e s t i n e  o f  
r a t s  in fe c te d  w i th  N. b ras i  11ensis is  delayed by l a c t a t i o n ,  but  
i t  is  open to  doubt whether  these c e l l  types are in vo lved  in the 
r e j e c t i o n  process ( K e l l y  & O g i l v i e ,  1972).
Not s u r p r i s i n g l y ,  hormonal le v e ls  assoc ia ted  w i th  l a c t a t i o n  
have been im p l i c a te d  in the  lowered re s is ta n c e  t o  i n t e s t i n a l  
p a r a s i t e s .  Levels o f  ACTH, adrenal  c o r t i c o l d s  and p r o l a c t i n  are 
a l l  e le v a te d  d u r in g  l a c t a t i o n  (Mei tes  & N i c h o l l s ,  1959). P r o l a c t i n  
appears t o  be the  most favoured c and ida te ,  caus ing suppress ion  o f  
r e j e c t i o n  o f  N, b ras i I iens  Î s In the  r a t  ( K e l l y  & Dineen, 1973) and 
T , s p i r a l i s  in  the  mouse (Ngwenya, 1976^);  aga in ,  however, the
30
Tab le  I - I
Some i n t e s t i n a l  p a r a s i t i c  nematodes known t o  have enhanced 
e s ta b l i s h m e n t ,  f e c u n d i t y ,  a n d /o r  s u r v i v a l  in  l a c t a t i n g  hos ts .






Haemonchus c o n t o r t ! s  
Nematodi rus he I v e t i  anus 
O s te r ta g i  a spp,
T r i c h o s t r o n o y I  us c o I u b r i f o r m ! s  
HyostrongvI  us r u b ! d is  
T . c o Iu b r i  f o rn î  s 
N ip p o s t ro n g y 1 us b r é s i l i e n s  is  
T r i  ch i ne I I a s p i r a l i s
”—' lie»' *   —■“  “ ——
s p i r a l !












a) O 'S u l l i v a n  & Donald,  1973
b) Zawadowesky & Z v j a g u in t z e r ,  1933
c) Dunsrnore, 1965
d) O 'S u l I I  van & Donald,  1970
e) Connan, 1971
f ) O 'S u l l i v a n ,  1974
g) Connan, 1970
h) Love, O g i l v i e  & McLaren, 1976 
I )  Ducke t t ,  Denham & Nelson, 1972 
j )  Ngwenya, 19 7 ^
k) Selby & Wake l i n ,  1975
observed e f f e c t  Is  p robab ly  due t o  a s y n e r g i s t i c  e f f e c t  o f  va r iou s  
hormones, as le v e ls  o f  p r o l a c t i n  du r in g  the oes t rus  c y c le  f r e q u e n t l y  
approach c o n c e n t ra t io n s  p resen t  du r in g  l a c t a t i o n  w i t h o u t  any 
obvious e f f e c t  on Immune s ta tu s  ( rev iewed by Connan, 1973^).  I t  is  
a l s o  i n t e r e s t i n g  t o  note  t h a t  a d m in i s t r a t i o n  o f  p r o l a c t i n  causes 
progesterone s e c r e t i o n  by mouse o v a r ie s  ( N icol I & Bern,  1972), and 
may t h e r e f o r e  a f f e c t  o t h e r  hormone le ve ls  which in t u r n  may have 
an e f f e c t  on the  f u n c t i o n i n g  o f  the  immune system, Whatever the  
hormonal b a s is ,  l a c t a t i o n  is  ma in ta ined  by the s u c k l i n g  s t im u lu s ,  
and Immune competence re tu rn s  r a p i d l y  i f  l i t t e r s  are removed 
p rem atu re iy  (Connan, i 970; Seiby & Wakei in ,  i975 ) .
3) T r a n s fe r  o f  maternal  immunity t o  o f f s p r i n g
I t  is  a f e a t u r e  o f  many mammals t h a t  immunity acqu ired  by 
the mother can be t r a n s f e r r e d  p a s s i v e l y  t o  the o f f s p r i n g ,  e i t h e r  by 
t r a n s p la c e n t a l  passage o f  immunog lobu l in ( I g )  o r  by s e c r e t i o n  o f  
I g i n t o  the  co los t rum  and m i l k .  Th is  l a t t e r  Ig can be absorbed 
i n t a c t  across the  gu t  wa i l  o f  the  s u c k l i n g  neonate ( rev iewed by 
Hemmi ngs, I 974) .
T r a n s f e r  o f  immunity t o  i n t e s t i n a l  he lm in ths  by these methods 
has been descr ibed  in  d e t a i l  f o r  T . s p i r a l i s  (D uc k e t t ,  Denham & 
Nelson, 1972; Pe r ry ,  1974), N e m a tosp i ro ides dub I us (Chaicumpa,
Jenk in  & Rowley, 1976), and H. nana (Larsh ,  1942). The presence 
o f  an i n f e c t i o n  in the  mother a t  the  t im e o f  pregnancy and l a c t a t i o n  
is  no t  requ i re d  f o r  t r a n s f e r  o f  immuni ty;  p r o t e c t i o n  a f fo rd e d  by 
Ig t r a n s f e r  in u te ro  appears t o  be o f  s h o r t  d u r a t io n  (d is a p p e a r in g  
7-9 days a f t e r  b i r t h ) ,  the  majo r  c o n t r i b u t i o n  be ing  m i l k - b o rn e  
I g which g ives  p r o t e c t i o n  f o r  up t o  s i x  weeks a f t e r  b i r t h .  The major
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I g o f  co los t rum  is  IgA, less than 6% o f  t o t a l  c o l o s t r a  I I g 
be ing  accounted f o r  by IgG and IgM (Brandtzaeg, F je I  langer  & 
G je ru ld sen ,  1970).
The p resen t  s tudy
I n v e s t i g a t i o n  o f  the  e f f e c t s  o f  pregnancy, l a c t a t i o n  and 
t r a n s f e r  o f  Ig from mother t o  o f f s p r i n g  is  t h e r e f o r e  p o t e n t i a l l y  
very  Im por tan t  in the  s tudy  o f  th e  immunological  mechanisms 
in vo lved  in the  r e j e c t i o n  o f  H, d i mi nuta from the  mouse. In 
p a r t i c u l a r ,  the  ro le s  o f  T c e i l s  and a n t ib o d ie s  in r e j e c t i o n  can 
be judged .  Pregnant and l a c t a t i n g  mice have impa ired  T c e l l  
f u n c t i o n ,  and m ight  prove t o  be a f u r t h e r  v/ay o f  dem ons t ra t ing  
the  thymus-dependency o f  the  response agai ns t  H. d i mi nuta as wei 
as g i v i n g  an i n s i g h t  i n t o  the  a c t i v i t y  o f  the ( u n a l te re d  o r  
enhanced) an t ib ody  response. As mice younger than f i v e  weeks o ld  
have l i t t l e  c a p a c i t y  f o r  r e j e c t i o n  o f  H. d i mi nuta (Befus & 
Fea the rs ton ,  1974), t r a n s f e r  o f  materna l  immunity w i th  I g 
o f f e r s  an even b e t t e r  system f o r  i n v e s t i g a t i n g  th e  e f f e c t s  on 
the  worm o f  an t ib ody  in  i s o l a t i o n .
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MATERIALS & METHODS
Female mice were always mated w i th  males o f  the  same s t r a i n .  
Two females were mixed w i th  2 -3  males in a cage, and the females 
were inspected d a i l y  ( n o rm a l l y  In the  morning) f o r  the  appearance 
o f  c o p u la to r y  p lugs ;  i t  shou ld  be noted t h a t  these p lugs are 
o f te n  no t  e x t e r n a l l y  obv ious ,  bu t  w i th  c lose  in s p e c t io n  t h i s  
techn ique  was about  90!^ e f f i c i e n t  f o r  d e te c t in g  mated an im a ls .
The r a t i o  o f  males t o  females in a cage was high in o r d e r  t o  
reduce the p o s s i b i l i t y  o f  m ix ing  females w i th  poor b reeders ,  and 
a lso  the  r e f r a c t o r y  pe r io d  between mat ings may be ove r  24 hours 
f o r  some s t r a i n s  o f  male mice (Rugh, 1968), a l though t h i s  has no t  
been determined f o r  the  mice used in t h i s  s tu d y .  Using t h i s  
h igh maie ; fe m a le  r a t i o ,  the  pregnancy ra te  was about 15^ per  day. 
The day o f  appearance o f  mat ing plugs was taken t o  be day + I o f  
pregnancy, 1-4 days be fo re  p a r t u r i t i o n ,  pregnant mice were caged 
s i n g l y  w i th  shredded t i s s u e  as n e s t in g  m a t e r i a l ;  p a r t u r i t i o n  
n o rm a l l y  occur red  on day 20 o f  pregnancy. L i t t e r s  were no rm a l l y  
r e d i s t r i b u t e d  w i t h i n  two days o f  p a r t u r i t i o n  t o  g ive  10 pups per 
s u c k l i n g  female;  mice w i th  fewer  than s i x  in t h e i r  o r i g i n a l  




a) E f f e c t  o f  pregnancy on p r im ary  course o f  i n f e c t i o n
In the  f i r s t  expe r imen t ,  CFLP mice were in fe c te d  w i th  
f i v e  c y s t i c e r c o i d s , Pregnant mice were in fe c te d  on day 4 o f  
pregnancy, and pregnant  and n u i i i p a ro u s  ( c o n t r o l )  mice were 
au tops ied  on days 8, 10, 12, 14 & 16 post i n f e c t i o n  ( p . i , ) .
Es tab l ishm en t  o f  worms was ove r  80% in the  c o n t r o l  group 
and over  90% in the  pregnant  group ( F ig ,  i - l ) .  In the  c o n t ro l  
group, worm loss had commenced by day 10 p , i ,  and was comoIete 
by day 14 p . i .  In the  pregnant  group, however, recovery  was s t i l l  
100% on day l O p . i , ,  bu t  worm loss proceeded s t e a d i l y  t h e r e a f t e r .
On day 16 p , l ,  ( the  end o f  the  exper iment,  a l s o  the  day o f  
p a r t u r i t i o n ) ,  35% o f  th e  worms adm in is te red  t o  the  pregnant mice 
s t i l l  remained. The de lay  in r e j e c t i o n  caused by pregnancy in
t h i s  exper iment  was o f  the  o rd e r  o f  two days.
The graph o f  we igh t  o f  worms recovered from each mouse 
( F ig ,  1-2) shows t h a t  pregnant  mice c o n s i s t e n t l y  suppor ted a 
h ig h e r  biomass o f  worms than the  c o n t r o l s ;  the  d i f f e r e n c e  is  
s t a t i s t i c a l l y  s i g n i f i c a n t  on a l l  the  days te s te d  ( p C 0 . 0 5 ) ,
The d i f f e r e n c e  in we igh ts  was no t  w h o l l y  due t o  th e  h ig h e r  
percen tage recovery  f rom the  pregnant  mice; the  d i f f e r e n c e  is s t i l l
ve ry  marked between the  mean we igh ts  per s u r v i v i n g  worm f o r  the  two
groups ( F ig ,  1 -3) ,  a l though  no s t a t i s t i c a l  s i g n i f i c a n c e  can be 
a t tached  t o  these r e s u l t s  as the  worms were not  weighed s i n g l y .
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F igu re  I - l
Recovery (%) o f  H. d im !nu ta  from f i v e - c y s t i c e r c o i d  
I n f e c t i o n s  In p regnant  (@) o r  n u l l i p a r o u s  (o)
CFLP mice; p regnant  mice i n f e c t e d  on day 4 
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Figure  1-2
Dry w e ig h t  o f  H, d im inu ta  f rom f i v e - c y s t i c e r c o i d  
i n f e c t i o n s  in pregnant  (o) o r  n u l l i p a r o u s  (o) 
CFLP mice.  Each p o i n t  rep resen ts  the  t o t a l  dry 
w e igh t  o f  worm t i s s u e  recovered from a s i n g l e  
mouse,
N .R, ,  mice from which no we ighab le  worms were 
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Figure  1-3
Dry w e igh t  o f  H. d im inu ta  f rom f i v e - c y s t i c e r c o i d  
i n f e c t i o n s  o f  pregnant  (o) o r  n u l l i p a r o u s  (o) 
CFLP mice.
mean dry w e igh t  pe r  mouse 
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b) E f f e c t  o f  va ry in g  worm burden
Exper iments were designed in  which two d i f f e r e n t  le v e ls  
o f  i n f e c t i o n  were employed, the  r a t i o n a l e  be ing t h a t  r e j e c t i o n  
o f  H# d im inu ta  f rom pregnant  mice may be re s to re d  t o  c o n t r o l  
le v e ls  by in c re a s in g  the  ’ a n t i g e n i c  load '  t o  e i g h t  c y s t i c e r c o i d s ,  
and t h a t  by lower ing the  leve l  o f  i n f e c t i o n  t o  th re e  c y s t i c e r c o i d s  
(and thus reduc ing  the a n t i g e n i c  s t im u lu s )  the mice m igh t  d i s p la y  
the  immunodepressive e f f e c t  o f  oregnancy more c l e a r l y  and 
sensi t i  v e l y *
( i )  E ig h t “ c y s t i c e r c o i d  i n f e c t i o n
in t h i s  exper iment  pregnant and c o n t r o l  ( n u l l i p a r o u s )
CD-I mice were i n f e c t e d  w i th  e i g h t  c y s t i c e r c o i d s » Pregnant  mice 
( i n f e c t e d  on day 5 o f  pregnancy) were au tops ied  on days 10, 12,
14 and 16 p * i , ,  and c o n t ro l  mice were au tops ied  on days 6, 10,
12 and 14 p , i .  Owing to  the  low number o f  pregnant  mice k i l l e d
on day 10 p . i , ,  the f i r s t  day on which comparison w i th  the
c o n t r o l s  can be made is  day 12 p . i * ,  on which day the  pregnant  
mice suppor ted h ea v ie r  worms than the  c o n t r o l s  ( F ig ,  i - 4 ) ,  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  (p -c O .O I ) ,  On days 14 and 
16 p . i , ,  no c o n t r o l  mice harboured weighab le worms, bu t  33% o f  
t he  pregnant  mice had recove rab le  worm burdens rang ing  from 5 ,7  mg 
t o  154,4 mg.
The worm recovery  r e s u l t s  ( F ig ,  1-5) show t h a t  i n i t i a l  
e s ta b l i s h m e n t  was good (92,5%), and r e j e c t i o n  by the  c o n t r o l  
mice was very  r a p id ,  o n l y  17,5% o f  th e  worms remain ing on day 
12 p . i . ,  r e j e c t i o n  be ing complete by day 14 p . i .  As in  the
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F igu re  1-4
Dry w e ig h t  o f  H, d im inu ta  from e i g h t - c y s t i c e r c o i d  
i n f e c t i o n s  o f  p regnant  (©) o r  n u l l i p a r o u s  (o)
CD-I mice.  Each p o i n t  rep resen ts  the  t o t a i  we igh t  
o f  worm t i s s u e  from a s i n g l e  mouse,
N.R,,  mice from which no we ighable  worms were 
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Figure  I "5
Recovery i%) o f  d im inu ta  f rom e l g h t - c y s t i c e r c o i d  
i n f e c t i o n s  o f  pregnant  (©) o r  nui I ipa rou s  (o)
CD-I mice;  pregnant mice i n f e c t e d  on day 5 
o f  pregnancy.
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p rev ious  exper iment ,  r e j e c t i o n  o f  the  worms by pregnant  mice 
was c o n s i s t e n t l y  s low er ,  the  curves f o r  the  two groups being 
aga in about  two days a p a r t .  As in the  p rev ious  exper iment ,  r e j e c t i o n  
was no t  complete by day 16 p . i .  (day +1 o f  l a c t a t i o n  in  t h i s  
exper iment)  in the p regnant  mice,
( i i )  T h r e e - c y s t Î c e r c o id  i n f e c t i o n
F ig ,  1-6 shows the  combined r e s u l t s  f rom two exper iments  
us ing CFLP mice in fe c te d  w i th  t h re e  c y s t i c e r c o i d s , Pregnant  mice 
were in fe c te d  3-5 days a f t e r  m a t ing .  In the f i r s t  exper iment ,  
mice were k i l l e d  on days 8, 9, 12 & 14 p . i . ,  and on days 8, 9,
12, 14 & 17 p . i .  in the  second expe r im en t .  Again i t  can be seen 
t h a t  the  pregnant  mice s uppo r t  an increased w e igh t  o f  worm t i s s u e  
( p < 0 , 0 5  on day 6 p . i . ) ,  and the  percentage rec ov e r ie s  were 
always h ig h e r  than in  the c o n t r o l s  ( the  recove r ie s  f rom pregnant 
mice on days 12 and 17 are perhaps m is le ad ing ,  due t o  the  low 
number o f  mice i n v o l v e d ) ,  I t  shou ld  be noted t h a t  r e j e c t i o n  f rom 
the  c o n t r o l  mice was less e f f i c i e n t  than usua l ,  e s p e c i a l l y  in the 
second expe r imen t ;  26% and 20% o f  the  worms remained on days 14 
and 17 r e s p e c t i v e l y .  Th is  s low r e j e c t i o n  was a f e a t u r e  o f  a l l  
the mice used a t  t h i s  t im e ,  and is no t  a r e f l e c t i o n  o f  lower 
a n t i g e n i c i t y  o f  th ree-worm I n f e c t i o n s ,  In these exper iments ,  
pregnancy may have ac ted s y n e r g i s t i c a I l y  w i th  the s lower  response 
o f  the  mice a t  t h i s  t im e ,  r e s u l t i n g  In worm t i s s u e  we igh ts  oer 
mouse o f  260-465 mg on days 14 and 17 p . i .
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Figure  1-6
Dry w e igh t  o f  H. d im inu ta  f rom t h r e e - c y s t i c e r c o id  
i n f e c t i o n s  o f  pregnant  (®) o r  n u l l i p a r o u s  (o)
CFLP mice.  Each p o i n t  rep resen ts  the  t o t a l  dry 
w e igh t  o f  worm t i s s u e  recovered from a s i n g le  
mouse. The f i g u r e s  above the  graph rep resen t  
the  recovery  {%) o f  worms from the  two groups.  
N .R. ,  mice from which no weighab le worms were 
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c) E f f e c t  o f  v a r y in g  th e  t im e o f  I n f e c t i o n
The des ign o f  the  p rev ious  exper iments in  t h i s  chap te r  
was such t h a t  r e j e c t i o n  o f  H, d im inu ta  f rom pregnant  mice 
commenced in the  l a s t  4-6  days o f  pregnancy. Days 16-20 o f  
pregnancy In the  mouse is  a l s o  the  pe r iod  when plasma c o r t i c o s t e r o n e  
l e v e ls  drop (Bar low e t  a i , ,  1974), p roges te rone le v e ls  f a l l ,  and 
oest rogen le ve ls  r i s e  (McCormack & Greenwald,  1974), Th is  r a is e s  
the  p o s s i b i l i t y  t h a t  r e j e c t i o n  may occur  du r in g  a pe r io d  o f  
r e l a t i v e l y  increased immunological  responsiveness a t  p a r t u r i t i o n  
as these hormone le v e ls  r e tu r n  t o  n u l l i p a r o u s  le v e l s .
Al though immunosupression d u r in g  pregnancy has m a in ly  
been assoc ia ted  w i th  the  l a t t e r  h a l f  o f  g e s t a t i o n  ( e .g .  F a b r is ,
1973), th e re  is  ev idence f o r  an immunosuppressive f a c t o r  
appear ing very  e a r l y  in  pregnancy (C la rke ,  Morton & Cl un ie ,  1978), 
so in a d d i t i o n  to  the  exper iment  i n v e s t i g a t i n g  the  e f f e c t  o f  
p a r t u r i t i o n ,  an exper iment  t o  s tudy  the  e f f e c t  o f  e a r l y  pregnancy 
response t o  H, d im !nu ta  was per formed,
( i )  Vary ing  the  t im e  o f  i n f e c t i o n  du r in g  pregnancy
CD-I mice were in fe c te d  w i th  e i g h t  c y s t i c e r c o i d s  on days 
2, 5 o r  13 o f  pregnancy t o  a s c e r t a in  i f  the r e l a t i v e  t im in g o f  
p a r t u r i t i o n  had any e f f e c t  on the  course o f  i n f e c t i o n ,  mice were 
k i l l e d  on the  days shown in Tab le 1-2,  Con t ro l  (unmated) mice 
were k i l l e d  on days 12 & 14 p , i ,  t o  de te rmine whether  the  worms were 
r e je c t e d  w i t h i n  th e  normal t im e -c o u rs e ,  i * e ,  comple te r e j e c t i o n  
by day 14 p , I ,
The percentage r e c o v e r ie s  p l o t t e d  a g a in s t  the  day o f
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Tab le 1-2
Day o f  pregnancy Day o f  au topsy n
a t  i n f e c t i o n  (pos t  i n f e c t i o n )
-  ( c o n t r o l )  12, 14 10, 9
2 14, 16, 18 8, I I ,  5
5 13, 15, 17 8,  9, 10
13 7, 9, 14, 17 7, 4, 7, 8
pregnancy (F ig  1-7) In the two groups in fe c te d  on days 2 and 5 
o f  pregnancy show t h a t  worm loss occur red  in  these two groups, 
a p p a re n t ly  a t  the  same r a te ,  2-4 days l a t e r  from the  day 5 
pregnant  group than from the  day 2 pregnant  group.  That these 
mice were responding i d e n t i c a l l y  rega rd less  o f  the  t im in g  o f  
p a r t u r i t i o n  is conf i rmed by th e  f a c t  t h a t  the re cove r ie s  f rom 
these two groups p l o t t e d  a g a in s t  day o f  i n f e c t i o n  ( th e  lower 
graph in F ig ,  i - 7 )  are  a lmos t  i d e n t i c a l .  The t o t a l  worm biomass 
suppor ted  by these two groups is  a l s o  v i r t u a l l y  i d e n t i c a l  ( F ig ,
1 -8 ) ,  i n d i c a t i n g  t h a t  growth and r e j e c t i o n  o f  worms in  these tv/o 
groups was l a r g e ly  un a f fe c te d  by the  r e l a t i v e  t im in g  o f  p a r t u r i t i o n .  
I f  p a r t u r i t i o n  were a t im e  when the  immune response recovers 
b r i e f l y ,  one would expec t  t h a t  the  mice in f e c t e d  on day 5 o f  
pregnancy would expel expel  t h e i r  worms in a s h o r t e r  t im e than 
those in fe c te d  on day 2 o f  pregnancy; the  p resen t  r e s u l t s  
t h e r e f o r e  suppo r t  the  hypo thes is  t h a t  pregnancy has a depress ive  
e f f e c t  r a t h e r  than a supp ress ive  e f f e c t  and t h a t  Ir^vnune 
responsiveness i s  l a r g e l y  u n a f fe c te d  by p a r t u r i t i o n ,  a t  le a s t  
no t  increased t o  a p o i n t  a t  which a response in p rogress  is  
a c c e le ra te d .
The t h i r d  group In t h i s  exper iment  ( i n f e c t e d  on day 13 
o f  pregnancy) e x h i b i t e d  a degree o f  loss o f  worms a t  day 14 p . I .
F a c i n g  page 45
F igure  1-7
Recovery i%) o f  H. d im inu ta  f rom e i g h t -  
c y s t i c e r c o i d  i n f e c t i o n s  o f  n u l l i p a r o u s  mice (o) 
o r  mice in f e c t e d  on day 2 ( □ ) ,  5 (©),  o r  13 ( A )  
o f  pregnancy, p l o t t e d  a g a in s t  day o f  pregnancy 
and day o f  i n f e c t i o n .  V e r t i c a l  do t ted  l i n e  
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F igu re  1-8
T o ta l  biomass o f  H> d im inu ta  f rom groups o f  
10 mice in fe c te d  w i t h  e i g h t  c y s t i c e r c o i d s . 
o,  c o n t r o l ;  p regnant  mice i n f e c t e d  on days 
2 ( 0 ) ,  5 (®) o r  13 ( A )  o f  pregnancy.
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s i m i l a r  t o  the  o t h e r  pregnant  groups ( F ig ,  1 -7 ) ,  bu t  the  recovery  
on day 17 p , î ,  was s i m i l a r  t o  t h a t  on day 14 p . l ,  r a t h e r  than 
lower; t h i s  may i n d i c a t e  t h a t  l a c t a t i o n  is suppress ing  the response 
t o  H, di mi nuta more s t r o n g l y  than pregnancy. The mice in t h i s  
t h i r d  group a l s o  suppor ted h e a v ie r  worms than the  o t h e r  groups 
on days 14 & 17 p , i ,  ( F ig ,  1 -9) ,  i n d i c a t i n g  t h a t  the  worms were 
growing b e t t e r  d u r in g  l a c t a t i o n *  Comparison o f  growth and r e j e c t i o n  
o f  worms from pregnant  and l a c t a t i n g  mice is  covered more f u l l y  
l a t e r  In  t h i s  Chapter ,
( i i )  E f f e c t  o f  e a r l y  pregnancy
From th e  p rev ious  exper iment  i t  is  c l e a r  t h a t  pregnancy 
w i I  I depress r e j e c t i o n  o f  H, d im inu ta  f rom mice In fe c te d  as ear ly as 
day 2 o f  pregnancy. In the  next  exper iment ,  t h i s  o b s e rv a t io n  was 
extended by i n f e c t i n g  CFLP mice w i t h  f i v e  c y s t i c e r c o i d s  f o u r  days 
be fo re  mat ing;  the  mice were removed th re e  days a f t e r  mating 
so t h a t  the  pregnant  mice had been in fe c te d  on days -4  t o  - 6  
o f  pregnancy. Pregnant  and n u l l i p a r o u s  c o n t r o l  mice were au tops ied  
on days 10, 12 & 14 p , i .  The percen tage re c o v e r ie s ,  we igh ts  o f  
worms from i n d i v i d u a l  mice and means o f  worm we igh t  per  mouse 
and w e igh t  per  s u r v i v i n g  worm are d isp la yed  in  Fig I - 10,
C l e a r l y ,  th e re  Is  no ev idence from these r e s u l t s  t h a t  
e a r l y  pregnancy has any dep ress ive  e f f e c t  on r e j e c t i o n ;  indeed, 
the  recovery  on day 10 p , l ,  was s u b s t a n t i a l l y  lower in  the  pregnant  
group than in  the  c o n t r o l s  (56« & 84% r e s p e c t i v e l y ) ,  and on day 12 
p . i ,  t h e r e  was no d i f f e r e n c e  in recovery  between th e  two groups.
In both groups,  r e j e c t i o n  was e s s e n t i a l l y  complete by day 14,
11% & 16% o f  the  worms from c o n t r o l  and pregnant  groups rema in ing .
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Figu re  I -9
Mean d ry  w e igh t  pe r  s u r v i v i n g  H. d im inu ta  
worm from n u l l i p a r o u s  mice (o ) ,  o r  mice 
in f e c t e d  on days 2 ( | i ) ,  5 (©) o r  13 
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Figu re  l - I O
Dry w e igh t  and recovery  {%) o f  H. d im!nuta  
from pregnant  and n u l l i p a r o u s  mice i n f e c t e d  
w i t h  f i v e  c y s t t c e r c o i d s ;  pregnant  mice in f e c t e d  
on day -6  t o  -4  o f  pregnancy. 
o,  t o t a l  w e igh t  o f  worm t i s s u e  from a s i n g l e  
mouse; x ,  mean w e ig h t  o f  worm t i s s u e  per  mouse; 
A ,  mean w e ig h t  per  s u r v i v i n g  worm; N.R . ,  mice 
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Worm we igh ts  d id  no t  appear t o  be a f f e c te d  by e a r l y  oregnancy, 
a t  l e a s t  in the  manner shown in the  p rev ious  expe r im en ts .  The 
biomass per  mouse and the  mean w e ig h t  o f  s u r v i v i n g  worms were 
h ig h e r  ( though p robab ly  no t  s i g n i f i c a n t l y  so) in  the  c o n t r o l s  
than in  the  pregnant  mice,
d) S e n s i t i s a t i o n  t o  H, di mi nuta du r in g  pregnancy.
To t e s t  whether  the immunodeoressive e f f e c t o f  pregnancy 
was due t o  impaired in d u c t io n  o f  the  s p e c i f i c  Immune ersponse,  
mice were I n fe c te d  on day 5 o f  pregnancy and the  worms were removed 
w i th  a n t h e l m in t i c  on day 10 p . l ,  ( th e  p rev ious  exper iments  i n d ic a te d  
t h a t  r e j e c t i o n  from pregnant  mice d id  no t  begin u n t i l  a f f e r  day 10 
pos t  i n f e c t i o n ) .  L i t t e r s  were removed immediate ly  pos t  oar tum, 
and mice were cha l lenged  ( i n  the  f i r s t  exper iment)  w i th  e i g h t  
c y s t i c e r c o i d s  12 days pos t  par tum, au tops ied  on day 7 p . i , ,  
o r  ( i n  the  second exper iment)  cha l lenged  s u r g i c a l l y  e i g h t  days 
pos t  partum w i th  one worm, au tops ied  on day 5 p , l .  Resu l ts  from 
these mice were compared w i th  r e s u l t s  from s i m i l a r l y  immunised 
n u l l i p a r o u s  mice and na ive  n u i l i o a r o u s  c o n t r o l s .
In both exper iments  I t  was c l e a r  t h a t  mice Immunised du r ing  
pregnancy were a t  le a s t  as immune t o  c ha l lenge  as t h e i r  immunised 
n u l l i p a r o u s  c o u n t e r p a r t s , In the  c y s t i c e r c o i d  cha l le nge  exper iment  
( F ig ,  l - l l )  the ch a l le n g e  worms were weighed en masse f o r  the 
whole group because o f  the  smal l  amount o f  worm t i s s u e  in v o lv e d .
On day 7 p . l ,  the  w e igh t  o f  worms from the  n u l l i p a r o u s  s e n s i t i s e d  
mice was s u b s t a n t i a l l y  Iov/er than from na ive  c o n t r o l s ,  as was the  
t o t a l  recovery  o f  worms and o r o p o r t l o n  o f  worms ove r  0,1 mg.
The va lues o b ta ined  f o r  the  p regnant  s e n s i t i s e d  group were lower
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F Î gure l - l l
T o ta l  biomass o f  worm t i s s u e  per  group o f  
10 mice and recovery  i%) o f  H. d im inu ta  f rom 
c ha l lenge  i n f e c t i o n s  w i th  e i g h t  c y s t i c e r c o i d s  in 
n u l l i p a r o u s  na ive  mice (A ) ,  n u l l i p a r o u s  immunised 
mice (B) ,  and mice Immunised du r in g  pregnancy, 
c ha l lenged  pos t  partum (C) ,
n = 10 in a l l  t h re e  groups;  shaded areas rep res en t  
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s t i  I I ,  îndi  ca t î  ng t h a t  the  ml ce î n fec ted  w i th  H, d im inu ta  du r i  ng 
pregnancy were h i g h l y  s e n s i t i s e d  a g a in s t  a c ha l lenge  i n f e c t i o n .
Th is  r e s u l t  was conf i rmed in the  second exper iment ,  us ing 
s u r g i c a l  cha l lenge  t o  assess the  immune s ta tu s  o f  the  mice. Worms 
recovered from the n u l l i p a r o u s  Immunised group (F ig  1-12) were 
l i g h t e r  than those from the  na ive c o n t r o l  group ( p < r0 ,0 5 ) ,  and 
worms from the  p r e g n a n t - s e n s i t i s e d  mice were l i g h t e r  s t i l l  (p<TO,01, 
compared w i th  na ive c o n t r o l s ) .  Recovery o f  worms from the  
n u l l i p a r o u s  immunised group was h ig h e r  than might  have been 
expected ( e ,g ,  see F ig ,  4 - 2 ) ;  one p o s s ib le  reason f o r  t h i s  Is the 
t r u n c a t i o n  o f  the immunising i n f e c t i o n  a t  day 10 p . i ,  (see 
Befus,  1975^)
e) E f f e c t  o f  pregnancy on a secondary response
I t  can be concluded from the  fo re go ing  exper iments  t h a t  
th e  i n d u c t io n  o f  memory t o  H, di mi nuta was no t  depressed by 
pregnancy; 1 t h e r e f o r e  dec ided t o  t e s t  the e f f e c t o r  arm o f  the  
immune response by immunising n u l l i p a r o u s  mice and c h a l le n g in g  
them w i th  H, d im inu ta  du r in g  subsequent pregnancy,
In a p r e l i m in a r y  expe r im en t ,  mice were i n f e c t e d  w i th  e i g h t  
c y s t i c e r c o i d s  f o r  ten  days, a f t e r  which the i n f e c t i o n  was 
te rm in a te d  w i th  a n t h e l m i n t i c .  T h i r t e e n  days a f t e r  t h i s ,  the  mice 
were mated, and were in f e c t e d  w i th  e i g h t  c y s t i c e r c o i d s  on day 5 
o f  pregnancy. Pregnant  immune mice, n u l l i p a r o u s  immune mice and 
na ive  c o n t r o l s  were k i l l e d  on day 7 p . i .  Worms were weighed 
en masse f o r  each group.
The r e s u l t s  (F ig  1-13) show t h a t  the  immunised n u l l i p a r o u s  
mice c a r r i e d  a l i g h t e r  w e igh t  o f  worms than the  na ive  c o n t r o l s ,  bu t
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Figure  (-12
Dry w e ig h t  o f  H. d im inu ta  recovered from s u r g i c a l  
I n f e c t i o n  o f  n u l l i p a r o u s  na ive  mice (A) ,  n u l l i p a r o u s  
immunised mice (B) ,  and mice immunised du r ing  
pregnancy, cha l lenged  pos t  partum (C) .  Each 
p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm t i s s u e  
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F igu re  I ” 13
T o ta l  biomass o f  worm t i s s u e  per  group o f  10 
mice, and recovery  {%) o f  H, d im inu ta  f rom 
c h a l le n g e  I n f e c t i o n s  w i th  e i g h t  c y s t i c e r c o l d s  
in immunised pregnant  mice (A) ,  n u l l i p a r o u s  
na ive mice (B) ,  and n u l l i p a r o u s  immunised 
mice (C),
n = 7 in group A; n = 10 in groups B & C 
Shaded areas re p re s e n t  recovery  i.%) o f  worms 
























the immunised mice cha l lenged  du r in g  pregnancy had h e a v ie r  worms 
than the  c o n t r o l s ,  i n d i c a t i n g  t h a t  pregnancy cou ld  depress a 
secondary response.
Th is  exper iment  was repeated,  and en larged by the  in c lu s io n  
o f  a group o f  p r e v io u s l y  u n in fe c te d  pregnant mice, CFLP mice were 
i n f e c t e d  w i th  f i v e  c y s t i c e r c o i d s ,  g iven a n t h e i m in t i c  I I  days 
l a t e r ,  and mated the  f o l l o w i n g  day. Mice were cha l lenged  w i th  f i v e  
c y s t i c e r c o i d s  on day 7 o f  pregnancy, and autops ied  on day 7 p , i ,  
Con t ro i  groups o f  na ive  and immunised n u l i i pa rous  mice and, as 
s ta te d  above, na ive  pregnant  mice, were s i m i l a r l y  t r e a te d  as 
a p p r o p r i a t e .  The exper imenta l  p ro to c o l  is  o u t l i n e d  in Tab le  1-5: 
r e s u l t s  are shown in F ig ,  1-14,
Tab le  1-5
Group Days
-19 “ 8 - I  0 +7
A) I Z Mated I K
B) -  Z Mated I • K
C) I 2 -  I K
D) -  Z -  I K
I , i n f e c t e d  w i th  f i v e  H, d im inu ta  
Z, a n th e lm in t i  c 
K, ki  i ied
Worms recovered from group C were l i g h t e r  than group D 
worms, i n d i c a t i n g  t h a t  the  mice o f  group C were s e n s i t i s e d  a g a in s t  
H , d im inu ta  , Pregnant mice (group B) suppor ted h e a v ie r  worms than 
the  n u l l i p a r o u s  c o n t r o l s  (group D),  and al though the  p r e v io u s l y  
Immunised mice o f  group A had l i g h t e r  worms than group B (p-^D.OS),  
the  biomass per  10 mice was s l i g h t l y  g r e a te r  in group A (12,6  mg)
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F igu re  i -14
Dry we igh t  and recovery  {%) o f  H. d im inu ta  
f rom f i v e - c y s t i c e r c o i d  i n f e c t i o n s  o f  immunised 
pregnant  mice (A) ,  na ive  pregnant mice (B),  
immunised n u l l i p a r o u s  mice (C), and na ive 
nui I I parous mice (D) ,  Each p o i n t  rep resen ts  
the  t o t a l  w e ig h t  o f  worm t i s s u e  from a s i n g l e  
mouse,
N.R.,  mice from which no we ighable  worms 
were recovered.
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than in group D (11,5  mg), i n d i c a t i n g  t h a t  a l though th e r e  is  
some degree o f  enhanced responsiveness in the pregnant  mice o f  
Group A, the degree o f  responsiveness  is  much iess than in 
n u l l i p a r o u s  Immunised mice.  The percentage rec ov e r ie s  s uppo r t  t h i s  
v iew; the  re cove r ie s  in  groups A and D d i f f e r  by on ly  5$ (75% &
70% r e s p e c t i v e l y ,  whereas 91% and 43% o f  the worms were recovered 
from groups B and C r e s p e c t i v e l y .
In the t h i r d  and f i n a l  exper iment  o f  t h i s  s e r i e s ,  va r iou s  
m o d i f i c a t i o n s  were made t o  the  p r o t o c o l ;  f i r s t l y ,  the  immunising 
i n f e c t i o n  o f  f i v e  c y s t i c e r c o i d s  was l e f t  u n t i l  day 18 o , i ,  be fo re  
g i v i n g  a n t h e l m i n t i c .  The mice would p robab ly  have r e je c te d  a l l  t h e i r  
worms by t h i s  t im e ,  and the  immunisat ion would p robab ly  be s t r o n g e r  
than w i th  an i n f e c t i o n  te rm in a te d  a f t e r  10 o r  I I  days.  Secondly,  
the cha l lenge i n f e c t i o n  was w i th  th re e  c y s t i c e r c o i d s ;  in lower ing the 
c h a l le n g e ,  the  na ive  mice would p robab ly  a l low  worms t o  grow more 
r a p i d l y  and thus  perhaps accen tua te  the  d i f f e r e n c e  between immune 
mice and c o n t r o l s .  T h i r d l y ,  th e  day o f  pregnancy a t  cha l lenge  was 
day 14, a l s o  t o  accen tua te  d i f f e r e n c e s  between groups;  k i l l i n g  on 
days 8 & 10 p * î « ,  the  mice would thus have l i t t e r e d  I & 2 days 
p r e v i o u s l y .  To avo id  i n t e r f e r e n c e  by the  e f f e c t s  o f  l a c t a t i o n ,  
l i t t e r s  were removed as soon as p o s s ib le  post  p a r t u m . The 
exper imenta l  p ro to c o l  thus  appears as shown in  Tab le 1-4,
The r e s u l t s  ( F ig ,  1-15) show t h a t  th e re  was a la rge 
d i f f e r e n c e  between the  n u l l i p a r o u s  p r im ary  and secondary in fe c te d  
mice (groups C & D); on both days 8 and 10 p , i ,  the  o n l y  reco v e r ie s  
f rom group 0 were one worm from one mouse on each day. On day 8 p , i ,  
the immunised pregnant  group (group A) had s i g n i f i c a n t l y  l i g h t e r  
worms than the na ive  pregnant  group B ( p < 0 , 0 5 ) ,  bu t  grouo A was 
no t  s i g n i f i c a n t l y  d i f f e r e n t  f rom group D, a l though group A had
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F igu re  1-15
Dry w e igh t  and recovery  (%) o f  H, d im inu ta  from 
t h r e e - c y s t  I c e rc o id  i n f e c t i o n s  o f  immunised pregnant 
mice (A ) ,  na ive  pregnant  mice (B ) ,  immunised 
n u l l i p a r o u s  mice (C), and na ive  n u l l i p a r o u s  
mice (D) .  Each p o i n t  (o) rep resen ts  the  t o t a l  
w e igh t  o f  worm t i s s u e  from a s i n g l e  mouse,
X, mean dry  w e igh t  per  mouse; N .R . ,  mice from 
which no we ighable  worms were recovered;  d * p , i . ,  
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Tab le  I -4  - - - ■
Group Days
-35 -17  -14 0 +8 +10
A) 1  ^ Z Mated I * *  K K
B) -  Z Mated I K K
C) I Z -  I K  K
D) -  Z -  I K  K
I * ,  in fe c te d  w i th  f i v e  c y s t i c e r c o i d s  
I * * ,  In fe c ted  w i th  th re e  c y s t i c e r c o i d s
s i g n i f i c a n t l y  h e a v ie r  worms than group C ( p < O . O I ) ,  i n d i c a t i n g ,  
as in the  p rev ious  exper iment ,  t h a t  a p r e v io u s l y  immunised pregnant 
mouse g ives  a s i m i l a r  response t o  t h a t  o f  a na ive n u i l i p a r o u s  
an ima l .  Th is  i n t e r p r e t a t i o n  is  conf i rmed by the  day 10 r e s u l t ,  
in which group A worms were aga in  s i g n i f i c a n t l y  l i g h t e r  than those 
o f  group B ( p < 0 , 0 l ) ,  a l though  no t  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
group D,
f )  E f f e c t  o f  pregnancy on r e j e c t i o n  o f  H. d i minuta by inbred mice
As i t  is  known t h a t  pregnancy has a much less ' ‘ -
immunodepressive e f f e c t  in syngeneic  mat ings compared w i th  
a l l o g e n e i c  mat ings (see I n t r o d u c t i o n ) ,  an exper iment  was c a r r i e d  
o u t  in which inbred N iH mice were mated w i th  syngene ic  NIH males,  
and i n fe c te d  w i t h  f i v e  H, d im !nu ta  c y s t i c e r c o i d s  on day 4 o f  
pregnancy. I n fe c te d  pregnant  mice were k i l l e d  on days 10, 12,
14 & 16 p , i • , and nul I I  parous femaIe c o n t ro I  mi ce were k i l l e d  on 
days 10 and 12 p . i .
The recovery  o f  worms from the  c o n t r o l s  on day 10 p . i .  
was unexpected ly  low ( F ig ,  I r l 6 ) ,  b u t  as 100% o f  the  worms were
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Figu re  1-16
Dry w e igh t  and recovery  (%) o f  H. d im inu ta  f rom 
f i v e - c y s t i c e r c o i d  i n f e c t i o n s  o f  p regnant  («) and 
n u i l i p a r o u s  (o) NIH mice.  Each p o i n t  rep resen ts  
the  t o t a l  w e ig h t  o f  worm t i s s u e  from a s i n g l e  
mouse,
N,R, ,  mice from which no we ighab le  worms were 
recovered;  Days p , i , ,  days pos t  i n f e c t i o n ;
P, p regnant ;  C, c o n t r o l .
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recovered from the  pregnant  mice on t h i s  day, th e re  is  no reason 
t o  suspec t  the  v i a b i l i t y  o f  the  c y s t i c e r c o i d s ;  i t  is  much more 
l i k e l y  t h a t  the  c o n t r o l s  were r e j e c t i n g  the  worms very  q u i c k l y ,  
a r e s u l t  t h a t  was unexpected a t  t h a t  t im e .  The pregnant  mice, 
however,  r e ta in e d  82% o f  t h e i r  worms on day 12 p . i , ,  and ove r  
one t h i r d  o f  the  worms s t i l l  remained on day 14 p . i . ,  i n d i c a t i n g  
t h a t  r e j e c t i o n  was indeed s low er  in the  pregnant  mice.  Al though 
th e  maximun worm w e igh t  (on day 14 p . i , )  was under 100 mg, t h i s  
Is w i t h i n  the  l i m i t s  o f  the  same r e s u l t  in CFLP mice ( F ig ,  1 -2 ) ,  
and i t  was subsequen t ly  found t h a t  c y s t i c e r c o i d  i n f e c t i o n s  w i th  
H, d im inu ta  grow less w e l l  in NIH than in CFLP mice.
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2) L a c ta t io n
a) E f f e c t  o f  l a c t a t i o n  on the p r im ary  course o f  i n f e c t i o n  
wi th  H, d im inuta
In the i n i t i a l  exper iment  t o  i n v e s t i g a t e  the  e f f e c t s  o f  
l a c t a t i o n  on growth and r e j e c t i o n  o f  H. di mi n u ta , CFLP mice were 
in fe c te d  w i th  t h re e  c y s t i c e r c o i d s  on days 2-6 o f  l a c t a t i o n  (day 
o f  p a r t u r i t i o n  = day 0 o f  l a c t a t i o n ) ,  N u i l i p a ro u s  c o n t r o l  mice 
were k i l l e d  on days 8, 10, 12 & 14 p , i , ,  and l a c t a t i n g  mice were 
ki I led on days 8, 10, 14, 15, 1 9 & 2 l p , i ,
The w e ig h t  o f  worm t i s s u e  recovered per  mouse ( F ig ,  1-17) 
was s i g n i f i c a n t l y  h ig h e r  In the  l a c t a t i n g  groups than in  the 
c o n t r o l s  on a l l  days s tu d ie d  ( p < 0 , 0 l ) .  The degree o f  enhanced 
growth is  a p p a re n t l y  g r e a t e r  than f o r  pregnant mice, in t h a t  as 
e a r l y  as day 8 p , i ,  t h e re  was no o v e r la p  in the  r e s u l t s  f o r  
l a c t a t i n g  and c o n t r o l  m ice.  The day 8 worms in l a c t a t i n g  mice 
reached up t o  about  10 mg each, a we igh t  t h a t  would be unusua l ly  
high  f o r  t h i s  age o f  worm even in a r a t .  The t o t a l  biomass per group 
o f  e i g h t  mice from the  l a c t a t i n g  mice was 8 and I I t im es the  c o n t r o l  
va lues on days ^  and 10 p . i ,  r e s p e c t i v e l y ;  i t  is  a l s o  worth  n o t in g  
t h a t  some l a c t a t i n g  mice on days 14 and 15 p . i ,  were c a r r y i n g  
worm burdens in excess o f  500 mg dry  w e igh t .
The percentage worm r e c o v e r ie s  ( F ig ,  1-18) c o n f i rm  t h a t  
the c o n t r o l  mice were r e j e c t i n g  s t r o n g l y ,  r e j e c t i o n  be ing 
v i r t u a l l y  complete on day 12 p , l .  R e je c t io n  f rom l a c t a t i n g  mice 
proceeds o n ly  a f t e r  day 10 p , i , ;  r e j e c t i o n  was s u b s t a n t i a l l y  
s lo w e r  than in  c o n t r o l  mice, no t  be ing  complete u n t i l  a f t e r  
day 21 p , i *  The de lay  in  r e j e c t i o n  appears t o  be in the  o r d e r
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Figu re  1-17
Dry w e ig h t  o f  H. d im inu ta  f rom t h r e e - c y s t i c e r c o i d  
i n f e c t i o n s  o f  l a c t a t i n g  ( • )  and n u i l i p a r o u s  (o) CFLP 
mice* Each p o i n t  rep resen ts  the t o t a l  w e ig h t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
days p o i , ,  days pos t  i n f e c t i o n ;  N .R, ,  mice from 
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F igure  1-18
Recovery {%) o f  H. d im inu ta  f rom t h r e e - c y s t i c e r c o i d  























o f  4-7  days, i . e .  2-5 days longer  than t h a t  observed In the 
exper iments  on pregnant  mice,
b) E f f e c t  o f  v a r y in g  the  t im e o f  I n f e c t i o n
In o r d e r  t o  I n v e s t i g a t e ,  as f o r  pregnancy, whether  the 
loss o f  worms from l a c t a t i n g  mice was due t o  a l i f t i n g  o f  the  
Immunodépression a t  the end o f  l a c t a t i o n  (day 18-21 a f t e r  
p a r t u r i t i o n  In the p rev ious  e x p e r im e n t ) ,  o r  t o  a s low loss 
mediated by a depressed but  no t  com p le te ly  suppressed mechanism,
CD-I mice were I n fe c te d  w i th  e i g h t  c y s t i c e r c o i d s  on day 16 o f  
pregnancy, day 2 o f  l a c t a t i o n ,  o r  day 10 o f  l a c t a t i o n *  L a c ta t in g  
and c o n t r o l  mice were au tops ied  as shown in t a b l e  1-5,
Tab le  1-5
Group Day o f  l a c t a t i o n  Day o f  autopsy p , l ,
a t  i n f e c t i o n
C on t ro l  -  8, 10, 12, 14
A - 4  (day 16 pregnancy) 14, 16, 18, 20, 22
B +2 12, 14, 16, 18, 20
C +10 10, 12, 14, 16
L i t t e r s  were removed on day 18 o f  l a c t a t i o n  t o  s ta n d a rd is e  the  
end o f  l a c t a t i o n .
The we igh ts  o f  worm recovered per mouse ( F ig ,  1-9) f o r  
the  v a r io u s  days o f  autopsy show t h a t  c o n t r o l  mice were re a c t in g  
very  s t r o n g l y  a g a in s t  the  I n f e c t i o n ,  r e j e c t i o n  be ing v i r t u a l l y  
complete by day 12 p . i .  I t  Is c l e a r  f rom t h i s  graph t h a t  group C 
( i n  which day 8 p . i ,  c o in c id e s  w i th  the  end o f  l a c t a t i o n )  Is
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Figu re  1-19
Dry w e ig h t  o f  H. d im inu ta  f rom e l g h t - c y s t i c e r c o i d  
i n f e c t i o n s  o f  c o n t r o l  (o) and l a c t a t i n g  mice.
Group A ( A ) ,  i n f e c t e d  on day 16 o f  pregnancy
Group B (x)  , "  "  2 o f  l a c t a t i o n
Group C ( * )  , "  "  10 o f  l a c t a t i o n
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse,
N.R, ,  mice from which no we ighab le  worms were 
recovered;  days p . i . ,  days pos t  i n f e c t i o n .
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responding more s lo w ly  than the c o n t r o l s ,  and s i g n i f i c a n t l y  h e a v ie r  
worms are c a r r i e d  by group C than c o n t r o l s  on days 8 and 10 p . i ,  
( p < 0 , 0 l ) ;  however, i t  is  a l s o  c l e a r  t h a t  r e j e c t i o n ,  complete 
by day 16 p . i ,  is  ve ry  much f a s t e r  in  group C than in groups A 
and B, i n d i c a t i n g  t h a t  an e a r l i e r  f i n i s h  t o  l a c t a t i o n  hastens 
r e j e c t i o n .  Groups A and B were s i m i l a r  as regards biomass o f  
worms u n t i l  day 20 p . i , ,  when a s u b s t a n t i a l  number (7 /11 )  o f  
mice in  group A ( i n  which the  end o f  l a c t a t i o n  does not  occur  u n t i l  
day 22 p . i . )  r e ta in e d  a v a r ie d  p o p u la t io n  o f  H. d im in u t a ; however, 
a l l  bu t  one o f  the  group 3 mice re ta in e d  o n ly  des t rob I  Ia ted worms.
As the  end o f  l a c t a t i o n  occurs In group B on day 16 p . i , ,  i t  
con f i rm s  the  r e s u l t s  f rom group A sugges t ing  t h a t  r e j e c t i o n  takes  
place r a p i d l y  a f t e r  the  end o f  l a c t a t i o n .  The graph o f  percentage 
recovery  ( F ig .  1-20) con f i rm s  t h i s  i n t e r p r e t a t i o n ;  group C mice 
were s lower  t o  r e j e c t  than c o n t r o l s ,  bu t  were f a s t e r  than groups 
A o r  B, Group A mice re ta in e d  a s u b s t a n t i a l  p r o p o r t i o n  o f  worms 
on days 20 and 22 p . i , ,  a t  which p o i n t  r e j e c t i o n  was v i r t u a l l y  
comple te in group B. I t  can a l s o  be seen from t h i s  graph t h a t  
r e j e c t i o n  was in  progress in  groups A and B long be fo re  the  end 
o f  l a c t a t i o n ;  in both groups,  o n ly  about 50^ o f  the  worms remained 
a t  the  end o f  l a c t a t i o n .  Thus i t  appears t h a t  s low loss does occur  
th ro ugho u t  l a c t a t i o n ,  as i n d ic a te d  in t h e 'p r e v i o u s  exper iment,  
bu t  complete r e j e c t i o n  f o l l o w s  q u i c k l y  a f t e r  the end o f  l a c t a t i o n .  
Th is  exper iment  was repeated us ing CFLP n i c e  in f e c t e d  w i th  
f i v e  c y s t i c e r c o i d s ;  the  expe r imen ta l  p ro to c o l  is  shown in Tab le 1-6, 
On t h i s  occas ion ,  l a c t a t i o n  was o f  n a tu ra l  d u r a t i o n ;  l i t t e r s  were 
no t  removed from any o f  the  groups.
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F igure  1-20
Recovery i%) o f  H. d im inu ta  f rom e i g h t - c y s t i c e r c o i d  
i n f e c t i o n s  o f  c o n t r o l  (o)  and l a c t a t i n g  mice.
Group A ( ^ ) ,  I n fe c te d  on day 16 o f  pregnancy
Group B (x)  , "  2 o f  l a c t a t i o n
































Tab le  I -.6
Group Day o f  l a c t a t i o n  Day o f  au topsy p . i ,
a t  i n f e c t i o n
Contro l  -  8, 10, 12, 14
A - 4  14, 16, 18, 25
B +2 12, 14, 16, 18
C +10 8, 10, 12, 14, 16
The p i c t u r e  presented by the  percen tage recovery  r e s u l t s  
( F ig ,  1-21) Is s i m i l a r  t o  t h a t  o f  the  p rev ious  exper iment ,  bu t  
the  d i f f e r e n c e s  between the  groups were less marked. Group 0 was 
again responding more s lo w ly  than the  c o n t r o l s ,  bu t  o n ly  m a r g in a l l y  
f a s t e r  than groups A and B; aga in  th e re  was no d i f f e r e n c e  between 
groups A and B on days 14, 16 & 18 p . i .
The graph o f  worm we igh ts  per mouse ( F ig ,  1-22) con f i rm s  
the  d i f f e r e n c e  seen in  the  p rev ious  exper iment  between c o n t ro l  
worm we igh ts  and those from group C on days 8, 10 & 12 p , I ,  
( p < ^ 0 , 0 l ) ,  bu t  again the  d i f f e r e n c e s  betv/een grouDS A, 8 and 0 
were less marked than in the  p rev ious  expe r imen t .
R e je c t io n  o f  H, d im inu ta  f rom c o n t ro l  mice was even f a s t e r  
in t h i s  exper iment  than in  the  p rev io us  one, be ing a lmost  complete 
on day 10 p . i . ,  and r e j e c t i o n  f rom groups A and B was a l s o  s l i g h t l y  
f a s t e r  than in the  p rev ious  expe r im en t .  However, r e j e c t i o n  f rom 
group C was. I f  a n y th in g ,  s lo w e r  in t h i s  exper iment ,  p robab ly  as a 
r e s u l t  o f  no t  t e r m in a t i n g  l a c t a t i o n  on day 18 pos t  oar tum .
I t  i s  p robab le  t h a t  l a c t a t i o n  con t inued  pas t  t h i s  p o i n t  in a t  le a s t  
some o f  the  mice, lead ing  t o  s low er  and less c l e a r - c u t  r e j e c t i o n .
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F igu re  1-21
Recovery i%) o f  H. d i minuta f rom f i v e - c y s t ! c e r c o i d  
i n f e c t i o n s  o f  c o n t r o l  Co) and l a c t a t i n g  mice.
Group A ( A ),  i n f e c t e d  on day 16 o f  pregnancy
Group B (x)  , "  " 2  o f  l a c t a t i o n
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Figure  1-22
Dry w e ig h t  o f  H. d im inu ta  f rom f I v e - c y s t i c e r c o i d  
I n f e c t i o n s  o f  c o n t r o l  (o)  and l a c t a t i n g  mice.
Group A ( ^ ) ,  i n fe c te d  on day 16 o f  pregnancy
Group B (x)  , "  "  2 o f  l a c t a t i o n
Group C (o) , "  "  10 o f  l a c t a t i o n
Each p o i n t  rep resen ts  the  t o t a l  w e ig h t  o f  worm 
t i s s u e  from a s i n g l e  mouse, N ,R, ,  mice from 
which no we ighab le  worms were recovered;  days p , i , ,  
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c)  S e n s i t i s a t i o n  t o  H, d im inu ta  in  l a c t a t i n g  mice
To t e s t  whether  In d u c t io n  o f  memory was a f f e c t e d  by 
l a c t a t i o n ,  CDrI mice were in f e c t e d  w i th  e i g h t  c y s t i c e r c o i d s  on 
day 4 o f  l a c t a t i o n ,  and t h i s  I n f e c t i o n  was te rm in a te d  w i th  
a n t h e l m in t i c  10 days l a t e r .  S ix  days a f t e r  t h i s ,  mice were 
cha l lenged  s u r g i c a l l y  w i th  one worm and were au tops ied  on day 5 
o f  the cha l lenge  I n f e c t i o n ,  N u i l i p a r o u s  immunised mice and 
n u i l i p a r o u s  na ive  c o n t r o l s  rece ived  a p p ro p r i a te  t re a tm e n t  a t  the 
same t imes ,  as o u t l i n e d  in  Table 1-7,  A i l  l i t t e r s  were removed
Group
Tab le  1-7
-20 — 16 —6 0 + 5
A P a r t u r i  t i  on 1 Z Op K
B - 1 z Op K
C - z Op K
1, i n f e c t e d  w i th  e i g h t c y s t i  ce rco i  ds
Op, s u r g ic a l  i n f e c t i o n
on the  day o f  a d m in i s t r a t i o n  o f  a n t h e l m in t i c .
I t  can be seen from the  r e s u l t s  ( F ig ,  1-23) t h a t  groups 
A and B gave ve ry  s imi t a r  re c o v e r ie s  and we igh ts  o f  worms, and 
both are s u b s t a n t i a l l y  lower than from the  na ive  mice o f  group C 
( p < 0 , 0 l ) ,  i n d i c a t i n g  t h a t ,  as is  the  case In pregnancy, the  
in d u c t i v e  p a r t  o f  the response is  no t  depressed in l a c t a t i n g  mice. 
The t o t a l  biomass pe r  group o f  seven mice in group A was s l i g h t l y  
lower than in group B (15,5 mg and 18,2 mg r e s p e c t i v e l y ) ,  bu t  the 
biomass f o r  group C was app ro x im a te ly  e i g h t  t imes h ig h e r  (133,6 mg).
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F igu re  1-23
Dry w e igh t  o f  H. d im inu ta  f rom s u r g i c a l  i n f e c t i o n s  
o f  mice Immunised du r in g  l a c t a t i o n  (A ) ,  n u i l i p a r o u s  
immunised mice (B) ,  and n u i l i p a r o u s  na ive  mice (C) ,  
Each p o in t  rep resen ts  the  t o t a i w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
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d) E f f e c t  o f  l a c t a t i o n  on a secondary response
To de te rm ine  the  e f f e c t  o f  l a c t a t i o n  on th e  response o f  
p r e v io u s l y  s e n s i t i s e d  mice, CD-I mice were in fe c te d  w i th  f i v e  
c y s t i c e r c o i d s  f o r  10 days, then t r e a te d  w i th  a n t h e l m i n t i c .  One 
day l a t e r  they  were mated, and were cha l lenged  w i th  t h re e  
c y s t i c e r c o i d s  on day 7 o f  l a c t a t i o n ;  an imals were au tops ied  on 
day 7 o f  c h a l le n g e  i n f e c t i o n .  Re levan t  c o n t r o l s  were Inc luded as 
descr ibed  In Tab le  1-8,
Group
Tab le  I -
-38 -28 -27 -7 0 + 7
A 1* Z Mated P 1 * * K
B - Z Mated P 1 K
C 1 z - - 1 K
D » z 1 K
I * ,  I n fe c te d  w i th  f i v e  c y s t i c e r c o i d s  
I * * ,  I n fe c te d  w i t h  t h re e  c y s t i c e r c o i d s  
P, p a r t u r i t i o n
The worm we igh ts  recovered per mouse ( F ig .  1-24) show 
t h a t  the  worm burdens from the  immunised mice o f  group C were 
s i g n i f i c a n t l y  l i g h t e r  than those from the  na ive  mice o f  group D 
( p < 0 , 0 l ) .  The l a c t a t i n g  immunised mice o f  group A, however, 
suppor ted a h e a v ie r  we igh t  o f  worms than e i t h e r  groups C o r  D 
( p < 0 , 0 l ) ,  I n d i c a t i n g  t h a t  no t  o n l y  does l a c t a t i o n  suppress a 
secondary response, bu t  a l s o  a l low s  worms t o  grow f a s t e r  than In 
an Im m uno log ica l ly  na ive  mouse. There was no s i g n i f i c a n t  d i f f e r e n c e  
between groups A and B in t h i s  exper iment ,  i n d i c a t i n g  t h a t  
l a c t a t i o n  c om p le te ly  annuls  the  e f f e c t  o f  p rev io us  s e n s i t i s a t i o n .
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F igu re  1-24
Dry w e ig h t  o f  H. d im inu ta  f rom t h r e e - c y s t i c e r c o i d  
I n f e c t i o n s  o f  immunised o r  na ive l a c t a t i n g  and 
n u i l i p a r o u s  CD-I mice.
A, immunised l a c t a t i n g  mice
B, na ive  l a c t a t i n g  mice
0, immunised n u i l i p a r o u s  mice 
D, na ive  n u i l i p a r o u s  mice
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
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To t e s t  t h i s ,  a f u r t h e r  exper iment  was per formed in 
which CFLP mice were immunised f o r  a longer  p e r io d ,  and autopsy 
was on days 10 and 12 a f t e r  c h a l le n g e ;  these changes were intended 
t o  maximise any d i f f e r e n c e  between immunised and naive- l a c t a t i n g  
mice.  The exper imenta l  des ign was as descr ibed in Tab le  1-9,
Tab le  1-9
Group _________________________Days ___  ________ ________ ___________
-48 -32 -28 - 8 0 + 8 + 10
A 1* Z Mated P I * * K K
B - Z Mated P 1 K K
C I z - - 1 K K
D » z » 1 K K
I * ,  i n f e c t e d  w i th  f i v e  c y s t i c e r c o i d s  
I * * ,  i n f e c t e d  w i th  th re e  c y s t i c e r c o i d s
The r e s u l t s  o f  t h i s  expe r imen t  ( F ig ,  1-25) show t h a t  on 
day 8 p , i ,  the immunised mice o f  group C had fewer  and l i g h t e r  worms 
than group D ( p < 0 , 0 5 ) .  The immunised l a c t a t i n g  mice (group A) 
aga in  c a r r i e d  more worms than the  immunised mice o f  group C 
(96% and 25% r e s p e c t i v e l y ) ,  bu t  the group A burdens were l i g h t e r  
than from the  na ive  l a c t a t i n g  mice o f  group B ( p < 0 , 0 l )  and not 
s i g n i f i c a n t l y  d i f f e r e n t  f rom the nul 11 parous c o n t r o l s  (group D), 
I n d i c a t i n g  t h a t  Immunological  memory is  ab le  t o  p e n e t ra te  the 
supp ress ive  e f f e c t s  o f  l a c t a t i o n ,  i f  o n ly  t o  a smal l  e x t e n t .  The 
s i t u a t i o n  on day 10 p , i ,  was r a t h e r  d i f f e r e n t ;  a l though  worms were 
aga in  l i g h t e r  in  group A than in  group B (a d i f f e r e n c e  no t  w h o l l y  
accounted f o r  by the lower recovery  f rom group A m ice ) ,  t h e r e  was 
no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between the  fwo groups.
A ls o  on t h i s  day, group A was ve ry  d i f f e r e n t  f rom group D (88%
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F igu re  1-25
Dry w e ig h t  o f  H. d im inu ta  f rom t h r e e - c y s t ! c e r c o i d  
i n f e c t i o n s  o f  immunised o r  na ive  l a c t a t i n g  and 
n u l l ! p a r o u s  mi ce»
A, immunised l a c t a t i n g  mice
B, na ive  l a c t a t i n g  mice
C, immunised n u l l i p a r o u s  mice
D, na ive  n u l l i p a r o u s  mice
Each p o i n t  rep resen ts  the  t o t a l  we igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
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and 21% worm rec ov e r ie s  r e s p e c t i v e l y ) .
The combined r e s u l t s  o f  these two exper iments  thus  suggest 
t h a t  the response in  p r e v io u s l y  immunised l a c t a t i n g  mice t o  a 
ch a l le n g e  i n f e e t I  on w i th  H, d im inu ta  may not  d i f f e r  mate r i  a l l y  
f rom t h a t  o f  na ive  l a c t a t i n g  mice o r ,  a t  bes t ,  may be expressed 
a t  the  leve l  o f  the  response o f  a na ive  n u l l i p a r o u s  an im a l .
e) The r e l a t i v e  e f f e c t s  o f  v a r io u s  s tages o f  pregnancy and 
l a c t a t i o n  on growth and r e j e c t i o n  o f  H, dimi nuta
Resu l t s  f rom v a r iou s  exper iments  on the e f f e c t s  o f  pregnancy 
and l a c t a t i o n  were compi led ,  and the  percen tage worm rec ov e r ie s  
p l o t t e d  a g a in s t  the day o f  pregnancy o r  l a c t a t i o n  on which the  
mice were au tops ied .  The p o in t s  f o r  the  mice k i l l e d  on day 12 p . i ,  
were then connected, and p o in t s  f o r  days 14, 16 & 17 were s i m i l a r l y  
connected up, From t h i s  e x e rc is e  ( F ig ,  1-26) i t  was apparent  t h a t  
t h e r e  was a peak in worm recovery  ( i . e .  p o s s ib l y  a maximum p o i n t  
o f  Immunodépression) f o r  each o f  the  autopsy days in the  second 
week o f  l a c t a t i o n .  Consequent ly ,  an exper iment  was designed in 
which CFLP mice were i n f e c t e d  w i t h  f i v e  c y s t i c e r c o i d s  a t  va r ious  
t imes dur ing  pregnancy and l a c t a t i o n ,  namely days 0,  4, 10 & 16 
o f  pregnancy, and days 2 and 8 o f  l a c t a t i o n .  A l l  mice were k i l l e d  
on day 14 p . i .  Unmated c o n t r o l  mice were in fe c te d  a t  th e  same 
t imes and au tops ied  on days 8 and 14 p . i , ;  e s ta b l i s h m e n t  in day 8 
c o n t r o l s  was ove r  90%, and no we ighab le  worms were recovered from 
any o f  these mice on day 14 p , i ,  ( a l l  c o n t r o l  groups con ta ined  
e i g h t  m ice ) .
The r e s u l t s  f rom the  mated groups ( F i g , 1-27) show t h a t  
o f  the  mice in f e c t e d  on day 0 o f  pregnancy, 4/14 c a r r i e d  a
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F igu re  1-26
Recovery C%) o f  H, d im inu ta  f rom f i v e -  o r  e i g h t -  
c y s t i c e r c o i d  i n f e c t i o n s  o f  pregnant  and l a c t a t i n g  
mice.
   i n f e c t e d  12 days p r e v io u s l y
■f i n fe c te d  14 ”  "
■ M M i ra K i /  i n fe c te d  16 "  "
_ I n fe c te d  17 ”  '*
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F igu re  *” 27
Dry w e igh t  and recovery  i%) o f  H. d im inu ta  f rom 
f Î v e - c y s t I c e r c o i d  I n f e c t i o n s  o f  p regnant  and 
l a c t a t i n g  CFLP mice. A l l  mice were au tops ied  
on day 14 p . i .  on the  day o f  pregnancy o r  l a c t a t i o n  
shown. Each p o i n t  (o) rep resen ts  the  t o t a l  w e ig h t  
o f  worm t i s s u e  from a s i n g l e  mouse.
mean dry  w e igh t  o f  H. d im inu ta  per  mouse; 
N .R. ,  mice from which no we ighable  worms were 
recovered;  D .L .A . ,  day o f  l a c t a t i o n  a t  au topsy .


















DP i-N .R ; 88888 ®








4 10 16 22
35% 46% 87% 67%
8s u b s t a n t i a l  w e ig h t  o f  worm t i s s u e ,  and i n f e c t i o n  on day 4 o f  
pregnancy increased t h i s  p r o p o r t i o n  t o  9 /10  mice; percen tage 
recovery  and mean w e igh t  o f  worms per  mouse were a l s o  Increased 
on t h i s  day. i/he increase in biomass con t inued  t o  a peak a t  
au topsy on day 16 o f  l a c t a t i o n  ( i . e .  i n f e c t e d  on day 2 o f  l a c t a t i o n )  
a t  which p o i n t  the  maximum percen tage recovery  (87^) was a ls o  
o b ta in e d .  The worms recovered on day 22 o f  l a c t a t i o n  ( l i t t e r s  
were removed on day 18 o f  l a c t a t i o n ,  hence f o u r  days a f t e r  the  end 
o f  l a c t a t i o n )  were l i g h t e r  than those recovered on day 16 o f  
l a c t a t i o n  (pKo.OI). The growth o f  th e  i n d i v i d u a l  worms recovered 
(expressed as mean w e igh t  per  s u r v i v i n g  worm -  F ig ,  1-28) a l s o  
shows a p ro g re s s iv e  Increase in the  s i z e  o f  th e  worms du r in g  
pregnancy, w i t h  a peak aga in  in mice k i l l e d  on day 16 o f  l a c t a t i o n ,  
and a lower va lue  f o r  the  mice k i l l e d  on day 22 o f  l a c t a t i o n .
Th is  expe r im en t  con f i rm s  the impress ion from exper iments  
presen ted thus  f a r  t h a t  l a c t a t i o n  i s  more immunosuppressive than 
pregnancy; the maximum recovery  and w e igh t  o f  H. d im inu ta  was from 
the  group I n fe c te d  on day 2 o f  l a c t a t i o n  and ki I led on day 16 o f  
l a c t a t i o n .  The na tu re  o f  the  h o s t - p a r a s Î t e  system does not  a l low  
a p o i n t  es t im a te  o f  immune s ta tu s  du r in g  l a c t a t i o n ,  bu t  as days 
6-14 p . i ,  are the days on which the  worms would n o rm a l l y  be 
r e je c t e d  from n u l l i p a r o u s  mice, i t  seems reasonab le t o  conclude 
t h a t  the  pe r io d  o f  maximal immunodépression du r in g  pregnancy and 
l a c t a t i o n  in the  mouse w i t h  re s p e c t  t o  H. d im !nu ta  I n f e c t i o n  is  
rough ly  days 10 t o  16 o f  l a c t a t i o n .
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F igu re  1-28
Mean dry w e ig h t  per s u r v i v i n g  H. d im inu ta  worm 
from pregnant  and l a c t a t i n g  mice.  A l l  mice were 
au tops ied  on day 14 p . i .  on the  day o f  l a c t a t i o n  
shown.
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f )  The r e l a t i v e  importance o f  food in ta k e  and immunodépression in 
in c re a s in g  growth o f  H, d im inu ta  du r ing  pregnancy and l a c t a t i o n
The h ig h e r  percentage re c o v e r ie s  o f  worms and th e  longer  
p e rs is ta n c e  o f  s t r o b i i a t e  worms in pregnant and l a c t a t i n g  mice 
Is ample p ro o f  t h a t  immunological  r e a c t i v i t y  t o  the  p a r a s i t e  Is 
depressed. However, as pregnant  and l a c t a t i n g  mice e a t  more food 
t o  s u p p o r t  t h e i r  o f f s p r i n g  (Jjn u te ro  o r  pos t  par tum ),  the  dry 
w e igh ts  o f  the  worms recovered may w e l l  be s u b s t a n t i a l l y  a l t e r e d  
by the  Increased d i e t a r y  i n t a k e .  Separa t ion  o f  the  components o f  
food in tak e  and immunodépression in t h i s  system Is a w e l l - n i g h  
im poss ib le  t a s k ,  bu t  some in fo r m a t i o n  may be ga ined by s tu d y in g  
the growth o f  worms in p regnant  and l a c t a t i n g  mice, and comparing 
the  growth o f  worms in p regnant  and l a c t a t i n g  mice t r e a t e d  w i th  
an immunosuppressive drug.  These r e s u l t s  in  t u r n  cou ld  be compared 
w i t h  those from n u l l i p a r o u s  immunosuppressed and u n t re a te d  groups 
o f  mice.  One cou ld  then p o s s ib l y  es t im a te  the degree o f  
immunodépression in v o lv e d ,  and thus  es t im a te  the  r o l e  o f  food 
in ta k e  in in c re a s in g  worm g row th ,
( i ) Pregnancy
CFLP mice were i n f e c t e d  w i th  f i v e  c y s t i c e r c o i d s  on days 6-7 
o f  pregnancy, t r e a t e d  w i th  c o r t i s o n e  as descr ibed  in General 
M a te r i a l s  & Methods, and k i l l e d  on day 9 p . i ,  A second group was 
t r e a te d  I d e n t i c a l l y ,  excep t  t h a t  no c o r t i s o n e  was g iven ;  n u l l i p a r o u s  
c o n t r o l s  ( c o r t i s o n e  t r e a t e d  and un t re a te d )  were a l s o  in f e c t e d ,  and 
were k i l l e d  on day 9 p . i .  T h is  exper iment  was repea ted ,  and the  
pooled r e s u l t s  are shown in  F i g .  1-29.
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Figu re  1-29
Dry w e ig h t  o f  H, d im inu ta  f rom f i v e - c y s t i c e r c o i d  
I n f e c t i o n s  o f  CFLP mice.
Group A, p regnant  + c o r t i s o n e  
Group B, p regnant  
Group C, n u l l i p a r o u s  + c o r t i s o n e  
Group D, n u I I i p a r o u s
Each p o i n t  rep resen ts  the t o t a l  we igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse; o & o rep resen t  r e s u l t s
from separa te  exper iments ;  x x,  mean dry  w e igh t












Ë 0 3 
o^  0 2
0 1 * r
Group ; A B C D
Vo recovery 96 90 93 67
85
Treatment  o f  n u l l i p a r o u s  mice w i th  c o r t i s o n e  ra is e d  the  
mean worm w e ig h t  per  mouse from 5 ,7  mg t o  8 ,3  mg, an inc rease o f  
46%, The mean w e ig h t  o f  worms pe r  mouse from pregnant  and 
c o r t i s o n e - t r e a t e d  n u l l i p a r o u s  mice was almost  i d e n t i c a l  ( 8 ,3  mg 
and 8 ,8  mg r e s p e c t i v e l y ) ,  bu t  the  mean w e igh t  per  mouse f o r  the 
c o r t i s o n e d  pregnant  group was 22 ,3  mg, an inc rease o f  152% over  
the  un t rea ted  pregnant  g roup.  Th is  l a t t e r  r e l a t i v e l y  la rge inc rease 
In w e igh t  suggests  t h a t  p regnant  mice are no t  f u l l y  Î mmunosuppressed, 
and growth o f  worms in p regnant  mice may be markedly enhanced by 
f u l l  Immunosuppression, Th is  in t u r n  suggests t h a t  the  inc rease 
in w e igh t  o f  worms in pregnant mice ove r  c o n t r o l  va lues may be 
la r g e l y  due t o  a l t e r e d  food i n ta k e ,
( I I )  L a c ta t io n
CFLP mice were mated, i n f e c t e d  w i th  f i v e  c y s t i c e r c o i d s  on 
days 4-5 o f  l a c t a t i o n ,  and e i t h e r  t r e a t e d  w i t h  c o r t i s o n e  o r  l e f t  
u n t re a te d ,  N u l l i p a r o u s  t r e a t e d  and un t rea ted  mice were a ls o  
i n f e c t e d ,  and a l l  mice were k i l l e d  on day 9 p , i .
The r e s u l t s  o f  t h i s  exper iment  ( F ig .  1-30) show t h a t  w h i l e  
c o r t i s o n e  t re a tm e n t  increased the  mean we igh t  o f  worms per mouse 
in  n u l l i p a r o u s  mice by 203% (an inc rease o f  102% in  mean we igh t  
pe r  s u r v i v i n g  worm),  c o r t i s o n e  t re a tm e n t  o f  l a c t a t i n g  mice 
r e s u l t e d  in an inc rease o f  o n l y  36% over  un t rea ted  l a c t a t i n g  va lues ,  
i n d i c a t i n g  t h a t  f u l l  immunosuppression o f  l a c t a t i n g  mice has l i t t l e  
e f f e c t  on worm g row th .  T h is  im p l ie s  in  t u rn  t h a t  l a c t a t i n g  mice 
are a l re a d y  h i g h l y  immunodepressed, The f a c t  t h a t  the  worms from 
un t rea ted  l a c t a t i n g  mice were h e a v ie r  than those from n u l l i p a r o u s  
c o r t i s o n e - t r e a t e d  mice i n d i c a te s  t h a t  th e re  i s  a l s o  a la rge
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F igu re  | -30
Dry w e igh t  and recovery  (%) o f  H, d im inu ta  from 
f i v e - c y s t i c e r c o i d  i n f e c t i o n s  o f  CFLP mice.
Group A, l a c t a t i n g  + c o r t i s o n e  
Group B, l a c t a t i n g  
Group 0, n u l l i p a r o u s  + c o r t i s o n e  
Group D, n u l l i p a r o u s
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
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component o f  the  increased worm growth t h a t  i s  due t o  increased 
food in ta k e .
The r e s u l t s  from t h i s  group o f  exper iments thus  c o n f i rm  a ls o  
t h a t  immunodépression is  more marked du r ing  l a c t a t i o n  than 
d u r in g  pregnancy.
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3) T r a n s f e r  o f  immunity t o  o f f s p r i n g
As i t  has been demonstrated in o t h e r  h o s t - p a r a s Î t e  systems 
t h a t  immunity t r a n s f e r r e d  from mother  t o  o f f s p r i n g  fades by s i x  
weeks a f t e r  b i r t h  (see I n t r o d u c t i o n ) ,  th re e  exper iments  were 
designed,  t o  t e s t  f o r  the  e x i s te n c e  o f  maternal  t r a n s f e r  o f  
immunity t o  H. dimi n u t a ; o f f s p r i n g  f rom immunised o r  na ive  mothers
were i n f e c t e d  a t  2, 3, o r  6 weeks a f t e r  b i r t h ,
a) Chal lenge a t  s i x  weeks o ld
40 CFLP mice were d i v id e d  I n to  two groups o f  20; the
* immune^ group was in f e c t e d  w i t h  f i v e  c y s t i c e r c o i d s  and the  
i n f e c t i o n  was te rm in a te d  w i th  a n t h e l m i n t i c  10 days l a t e r ;  c o n t r o l  
mice rece ived  a n t h e l m in t i c  a t  t h i s  t im e  a l s o .  Both groups o f  mice 
were mated 1-4 days l a t e r  and th e  Immunised group was i n fe c te d  
w i t h  one c y s t i c e r c o i d  a t  s i x  i n t e r v a l s  between day 5 o f  pregnancy 
and p a r t u r i t i o n ;  d u r in g  l a c t a t i o n  a f u r t h e r  f o u r  i n f e c t i o n s  w i t h  
one c y s t i c e r c o i d  were a d m in is te re d .  The o f f s p r i n g  f o r  each group 
were poo led ,  and i n f e c t e d  a t  s i x  weeks o f  age w i th  th re e  
c y s t i c e r c o i d s , The o f f s p r i n g  were au tops ied  on days 8, 9, 10, I I ,
12, 13, 14 & 16 p , i .  Both male and female mice were used; groups 
au tops ied  con ta ined  equal  numbers o f  both sexes.
The graph o f  we igh t  o f  worms recovered ( F ig .  1-31) 
shows t h a t  w h i l e  smal l  d i f f e r e n c e s  between the  two groups d id  
e x i s t  on any one day, these d i f f e r e n c e s  were no t  c o n s i s t e n t ,  the  
o f f s p r i n g  f rom immunised mothers c a r r y i n g  a h e a v ie r  mass o f  worms 
than the c o n t r o l  group on two o f  the  days s t u d ie d .  T h is  lack o f  
d i f f e r e n c e  was f u r t h e r  emphasised by the  percen tage recovery  r e s u l t s
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Figure  1-31
Dry w e ig h t  o f  H. d im inu ta  f rom t h r e e - c y s t i c e r c o i d  
i n f e c t i o n s  o f  CFLP mice a t  s i x  weeks o l d .
* ,  mice w i t h  immunised mothers 
o,  mice w i th  na ive  mothers
Each p o i n t  rep resen ts  the  t o t a l  w e ig h t  o f  worm 
t i s s u e  from a s i n g l e  mouse,
M Æ jr j r j T f  mean w e ig h t  o f  worms per  mouse 
( immunised mothers) 
mean w e igh t  o f  worms p e r  mouse 
( u n in fe c te d  mothers)
Days p . i . ,  days pos t  i n f e c t i o n ;  N .R. ,  mice from 
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( F ig .  1-32) In which th e  r a te  o f  toss o f  worms from th e  two groups 
was very  s i m i l a r .  There is  no ev idence ,  t h e r e f o r e ,  t h a t  any 
Immunity t r a n s f e r r e d  from mother t o  progeny is  e v id e n t  a t  s i x  
weeks p o s t - n a t a l l y ;  t h i s  i s  no t  a t o t a l l y  unexpected r e s u l t  i f  
one c ons ide rs  the  t im e  l i m i t s  o f  e f f e c t i v e n e s s  de f in ed  f o r  o t h e r  
h o s t -p a ra s I  t e  systems,
b ) Cha l lenge a t  th re e  weeks o ld
Two groups o f  15 CFLP mice were used. One group was g iven 
f i v e  c y s t i c e r c o i d s ;  both groups rece ived  a n t h e l m in t i c  10 days 
l a t e r ,  and were mated 1-4 days a f t e r  t h i s .  The immunised group 
rece ived  f o u r  i n f e c t i o n s  w i th  two c y s t i c e r c o i d s  du r in g  pregnancy 
and a f u r t h e r  th re e  i n f e c t i o n s  du r in g  l a c t a t i o n .  On day 21 pos t  
partum the  o f f s p r i n g  were pooled and in fe c te d  w i th  f i v e  c y s t i c e r c o i d s ;  
groups o f  mice c o n t a i n in g  equal numbers o f  both sexes were au tops ied  
on days 8, 10, 13, 15, 17 & 19 p . i .
Once aga in ,  th e re  was no c o n s i s t e n t  d i f f e r e n c e  between the  
two se ts  o f  mice in  e i t h e r  percentage recovery  o r  worm we igh t  
( F ig ,  1 -33) .  The o n l y  la rge  d i f f e r e n c e  between the  two groups 
recorded in t h i s  exper iment  was on day 19 p . i . ;  however, as thm 
percentage recovery  d e c l in e s  ve ry  s h a rp ly  f rom day 15 t o  day 19 p . i .  
t h i s  d i f f e r e n c e  cou ld  e a s i l y  be due t o  chance, p a r t i c u l a r l y  in  the 
absence o f  a r e s u l t  a f t e r  day 19 p . i .
So, in  summary, th e re  was again no d i f f e r e n c e  e v id e n t  
between the mice w i th  immunised o r  u n in fe c te d  mothers a t  t h re e  
weeks a f t e r  b i r t h .
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F igu re  1-32
Recovery {%) o f  H, d im inu ta  f rom t h r e e - c y s t i c e r c o i d  
i n f e c t i o n s  o f  s i x -w e e k -o ld  mice w i th  Immunised 
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F igure  1-33
Dry w e igh t  and recovery  {%) o f  H, d im inu ta  from 
f i v e - c y s t i c e r c o i d  i n f e c t i o n s  o f  CFLP mice a t  
th re e  weeks o l d ,
• ,  mice w i t h  immunised mothers
0, mice w i th  u n in fe c te d  mothers
Each p o i n t  rep resen ts  the t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
MJtrjTjTÆ  ^ mean worm w e igh t  per  mouse (immunised 
mothers)
 _______  , mean worm w e ig h t  per  mouse ( u n in fe c te d
mothers)
Days p . i . ,  days pos t  i n f e c t i o n ;  N.R.,  mice 
from which no we ighab le  worms were recovered;
1, immunised mothers;  C, u n in fe c te d  ( c o n t r o l )  
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c)  Chal lenge a t  two weeks o ld
Two groups o f  16 CFLP mice were used as mothers in t h i s  
exper iment ;  one group was i n fe c te d  15 days and one day be fo re  mat ing 
w i t h  s i x  c y s t i c e r c o i d s . The o f f s p r i n g  f rom both groups were 
in fe c te d  w i th  t h re e  c y s t i c e r c o i d s  a t  14 days o l d ,  t h i s  be ing about  
the  e a r l i e s t  age a t  which i t  is  p r a c t i c a b l e  t o  i n f e c t  mice w i th  
the  d iam e te r  o f  t u b in g  necessary t o  accommodate the c y s t i c e r c o i d s , 
The mice w i th  immune o r  na ive  mothers were au tops ied  on days 8, I I ,  
13 & 18 p . i . ,  and a group o f  mice w i th  un in fe c te d  mothers was 
k i l l e d  on day 26 p . i . '  Approx im a te ly  equal numbers o f  both sexes 
were used, and l i t t e r s  remained w i th  t h e i r  n a tu ra l  mothers f o r  the 
d u ra t io n  o f  the exper iment .
The low recovery  o f  worms from the  c o n t ro l  group on 
day 8 p . i .  ( F ig ,  I -34)  was p robab ly  due t o  the smal l s i z e  o f  the 
worms in v o lv e d ;  t h i s  in  t u rn  may have been due to  the f a c t  t h a t  
the  mice w i th  immunised mothers t h a t  were au tops ied  on t h i s  day 
v/e‘rghed, on average, 3 g more' than the o f f s p r i n g  o f  the  na ive  
mothers.  On day I I  p . i . ,  however,  recovery  o f  worms from the  
u n in fe c te d  m others ’ o f f s p r i n g  was 92%. and both groups o f  mice 
re ta in e d  ove r  90% o f  the worms a t  day 13 p . i .  v / i t h o u t  any 
s i g n i f i c a n t  d i f f e r e n c e  In we igh ts  between the tv/o g roups .  On day 18 
p . i ,  r e j e c t i o n  had commenced in  both groups,  bu t  aga in worm we igh ts  
and re c o v e r ie s  were very  s i m i l a r .
So, even i n f e c t i n g  a t  two weeks o f  age, th e re  is  no 
evidence o f  any d i f f e r e n c e  in  worm growth o r  r e j e c t i o n  in mice 
w i t h  immunised o r  na ive  mothers.
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Figu re  1-34
Dry w e igh t  and recovery  (%) o f  H, d im inu ta  f rom 
f I v e - c y s t i c e r c o i d  i n f e c t i o n s  o f  CFLP mice a t  
two weeks o l d .
* ,  mice w i th  immunised mothers
0 ,  mice w i th  u n in fe c te d  mothers
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
mean worm w e igh t  pe r  mouse (immunised 
mothers)
 ------------- , mean worm w e ig h t  p e r  mouse ( u n in fe c te d
mothers)
Days p . i . ,  days pos t  i n f e c t i o n ;  N .R. ,  mice from 
which no weigh ab le  worms were recovered;
1, immunised mothers;  C, u n in fe c te d  ( c o n t r o l )  
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The above r e s u l t s  demonstrate c l e a r l y  t h a t  pregnancy and 
l a c t a t i o n  have a profound e f f e c t  on growth and r e j e c t i o n  o f  
H, d im inu ta  in the  mouse. In both phases o f  the re p r o d u c t i v e  c y c le ,  
the worms grow a t  a f a s t e r  r a te  and r e j e c t i o n  Is c o n s id e ra b ly  s low er  
than In nul I Ipa rous  mice.
In p regnant  mice, the  de lay  in r e j e c t i o n  was found t o  be 
in  the  o r d e r  o f  two days; t h i s  de lay  was c e r t a i n l y  e v id e n t  In mice 
in fe c te d  on day 4 o f  pregnancy ( F ig ,  I - I ) ,  and a de lay  in r e j e c t i o n  
was noted when mice were in fe c te d  on the day o f  mat ing ( F ig ,  1 -28) ,  
However, i n f e c t i n g  mice 4-6  days be fo re  mat ing produced no 
demonstrab le d i f f e r e n c e  in e i t h e r  growth o r  r e j e c t i o n  f rom c o n t r o l s  
( F ig ,  I - 1 0 ) ,  The mice in t h i s  I a t t e r  e x p e r iment were k i l l e d  on 
days 10 and 12 p . i , ,  and were thus  au tops ied  on days 4-8 o f  
pregnancy, C Ia rke  e t  a l , (1978) de tec ted  immunodépression in e a r l y  
pregnancy In mice by s tu d y in g  r o s e t t e  I n h i b i t i o n  t i t r e s  (R IT ) ,  and 
c o r r e l a t e d  t h i s  w i th  the  appearance o f  a high m o le c u la r  w e igh t  
immunosuppressive f a c t o r  which appears in the  maternal  serum as 
e a r l y  as s i x  hours a f t e r  f e r t i l i s a t i o n ;  they  named t h i s  substance 
E a r ly  Pregnancy Fac to r  (EPF),  As immunosuppressants can h a l t  
r e j e c t i o n  o f  H, di mi nuta a t  v i r t u a l l y  any p o i n t  in the  course o f  
i n f e c t i o n  w i th  an a t te n d a n t  inc rease in growth ra te  (Hopkins & 
S t a l l a r d ,  1976), i t  would appear t h a t  EPF p lays  l i t t l e  p a r t  in the 
impai rment o f  th e  response t o  H. di mi n u t a . C Ia rke  e t  a l , (1978) a l s o  
found t h a t  EPF was rep laced  a f t e r  day 5 o f  pregnancy.by a second 
f a c t o r  o f  low m o lecu la r  w e igh t  which c r o s s - r e a c t s  w i th  antî-HCG 
a n t i  serum. Th is  r i s e  in c o n c e n t r a t i o n  o f  the second f a c t o r  a l s o  
c o in c id e s  w i th  the  r i s e  in s t e r o i d  hormones such as p roges te rone
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and c o r t i c o s t e r o i d s  (McCormack & Greenwald,  1974; Bar Iow e t  a l , ,  
1974), day 5 o f  pregnancy be ing the  t im e o f  im p la n ta t io n  o f  the  
embryo (Rugh, 1968), I t  t h e r e f o r e  appears t h a t  the  mechanism which 
depresses the response a g a in s t  H. di mi nuta in p regnant  mice is  
s i m i l a r  t o  t h a t  de tec ted  by the many workers who have descr ibed  a 
h ig h e r  degree o f  immunosuppression in  the l a t e r  stages o f  pregnancy 
( e ,g ,  Skowron-Cendrzak e t  a l , ,  1975; St imson e t  a l , ,  1977; Bauminger 
& Pel eg, 1978),
A t  p a r t u r i t i o n ,  th e re  is  a c ons ide rab le  f l u x  o f  s t e r o i d  
hormones (McCormack & Greenwald,  1974; Bar 1ow e t  a l , ,  1974) and 
t h i s  has been repo r te d  as a t im e when immune responsiveness re tu rn s  
t o  normal l e v e l s ,  Morton e t  a l , (1974) found t h a t  the  RIT decreased 
s h o r t l y  be fo re  p a r t u r i t i o n  t o  c o n t r o l  l e v e ls ,  and Hunninen (1935) 
repo r te d  t h a t  p regnant  mice I n fe c te d  w i th  H. nana ceased egg 
p rodu c t ion  w i t h i n  2-3  days o f  p a r t u r i t i o n .  However, i t  has a ls o  
been found t h a t  human serum taken from mothers a t  the  t im e  o f  
d e l i v e r y  is  s t i l l  markedly Immunodepressive (Schi f f  e t  a l , ,  1975), 
and t h a t  lymphocytes f rom new ly -ca lved  cows respond less w e l l  t o  
mi togen s t i m u l a t i o n  than nul 11 parous c o n t ro l  lymphocytes (W e l ls ,  
B u r r e l s  & M a r t i n ,  1977), The p re s e n t  s tudy does no t  i n d i c a t e  t h a t  
p a r t u r i t i o n  has any e f f e c t  on the  s u r v i v a l  o r  growth o f  H, d im inu ta  
(F igs  1-7, 1 -8) ,  and growth o f  i n d i v i d u a l  worms whose pe r io d  o f  
i n f e c t i o n  crossed the t ime o f  p a r t u r i t i o n  was g r e a t e r  than worms 
o f  the  same age in p regnant  mice au tops ied  b e fo re  p a r t u r i t i o n  
( F ig .  1 -29) ,
L a c ta t io n  produced an e f f e c t  s i m i l a r  t o  pregnancy in t h a t  
r e j e c t i o n  o f  H, d im inu ta  was s lower  than in nul I ip a ro u s  c o n t r o l s ,  
b u t  the de lay  appears t o  be in the o r d e r  o f  4 -7  days ( F ig ,  1 -18) ,  
Growth was a l s o  marked ly  enhanced, h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s
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between l a c t a t î n g  and c o n t r o l  groups b e î m  e v id e n t  as e a r l y  as 
day 8 p . i ,  ( F ig .  1 -7 ) ,  whereas in pregnant  mice the d i f f e r e n c e  is  
no rm a l l y  less marked on t h i s  day ( e .g .  Figs 1-2, 1 -6 ) ,  Worm burdens 
we igh ing  around 500 mg were o f te n  recovered from l a c t a t i n g  mice, 
a w e ig h t  t h a t  is  s u b s t a n t i a l l y  heav ie r ,  than the pregnancy ’ upper 
l i m i t ’ o f  around 200 mg. L a c ta t io n  was shown t o  be the t im e o f  
g r e a t e r  immunosuppression (F ig  1-28) ,  days 10 t o  16 o f  l a c t a t i o n  
be ing  the  p robab le  p e r io d  o f  maximal immunosuppression.
In c o n t r a s t  t o  the  end o f  pregnancy, the  end o f  l a c t a t i o n  
is  p robab ly  assoc ia ted  w i th  a r a p id  r e tu rn  t o  immunological  
competence. T e rm ina t io n  o f  l a c t a t i o n  in mice r e s u l t s  in  r ap id  
e x pu ls ion  o f  T,  muris (Selby & Wake I in ,  1975) and T,  s p i r a l i s  
(Ngwenya, 1977); in the p resen t  s tu d y ,  i n f e c t i n g  w i th  H, d im inu ta  
c l o s e r  t o  the end o f  l a c t a t i o n  caused e a r l i e r  r e j e c t i o n  o f  worms 
( F ig ,  1-19) ,  an e f f e c t  t h a t  was a p p a re n t l y  reduced t o  some e x t e n t  
by a l l o w in g  l a c t a t i o n  t o  c o n t in u e  a f t e r  day 18 pos t  partum ( F ig ,  1 -22) ,  
Mice in fe c te d  6-8  days a f t e r  p a r t u r i t i o n  and removal o f  l i t t e r s  
showed responses comparable t o  those o f  t h e i r  n u l Mparous 
c o u n te rp a r t s  (F igs  1-12, 1-23) ,
I t  i s  an im p o r ta n t  f e a t u r e  t h a t  both pregnant  and l a c t a t i n g  
mice show some degree o f  loss o f  H, d im in u ta , i , e ,  the r e j e c t i o n  
mechanism is no t  t o t a l l y  suppressed.  Th is  i s  in c o n t r a s t  t o  the  
s i t u a t i o n  w i th  N, b ras i  I i ensi  s in the  l a c t a t i n g  r a t .  In which i t  
was e s t a b l i s h e d  by Connan (1972a) t h a t  no loss o f  worms occurs ,  
even i f  l a c t a t i o n  is  extended t o  36-37 days by s u b s t i t u t i o n  o f  
younger  l i t t e r s .
One d i f f i c u l t y  in  i n t e r p r e t a t i o n  o f  the  r e s u l t s  presented 
here i s  t h a t  p regnant  and l a c t a t i n g  mice e a t  more than t h e i r  
nul  11 parous c o u n te r p a r t s ,  and assoc ia ted  w i th  t h i s  is  a marked
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h y p e rp la s ia  o f  the  v i l l i  o f  the  smal l  i n t e s t i n e  ( F e l l ,  Smith & 
Campbel l ,  1963) wh ich,  a t  le a s t  in the  case o f  l a c t a t i o n ,  is 
caused by hormonal f a c t o r s  ( E l i a s  & Dowl ing,  1976), As hymenotepids 
are  ex t rem e ly  s e n s i t i v e  t o  v a r i a t i o n s  in hos t  d i e t a r y  in ta k e ,  
p a r t i c u l a r l y  ca rbohydra te  (Read & Rothman, 1957^), pregnancy- o r  
la c ta t i o n - i n d u c e d  hyperphagia would be expected t o  inc rease the  
growth o f  H. d i m i n u t a . Growth was indeed very  much increased ,  
p a r t i c u l a r l y  du r in g  the  second h a l f  o f  l a c t a t i o n  ( F ig ,  1-28) ,  when 
the  mother is feed ing  the  h e a v ie s t  w e igh t  o f  o f f s p r i n g .  However, 
t h i s  is  a l s o  the  pe r iod  o f  maximum worm recovery ,  and as i t  is  
u n l i k e l y  t h a t  worms in a b e t t e r  n u t r i t i o n a l  env i ronment  a re  r e je c te d  
more s lo w ly ,  i t  i s  apparen t  t h a t  t h i s  is a l s o  the t ime o f  maximum 
immunosuppression. As the  immune response o f  the mouse inc ludes  a 
r e s t r i c t i n g  e f f e c t  on growth o f  H, d im inu ta  (Hopkins e t  a l . ,  I972£) ,  
i t  i s  p robab le  t h a t  growth o f  worms in pregnant  and l a c t a t i n g  mice 
Is enhanced a t  l e a s t  p a r t l y  because o f  the  depressed responsiveness 
o f  these mice. I t  i s  a l s o  known t h a t ,  a l though increased food in take  
is  a f e a t u r e  o f  l a c t a t i o n ,  the  r a te  o f  a b s o rp t io n  ( p a r t i c u l a r l y  o f  
g lucose)  by the  smal l  i n t e s t i n e  is  markedly enhanced ( E l i a s  &
Dowl ing, 1976), thus making less n u t r i e n t  a v a i l a b l e  t o  the  worms 
than would a t  f i r s t  appear.  Growth o f  H. d im inu ta  in o regnant  mice 
was s u b s t a n t i a l l y  increased by t re a tm e n t  w i th  c o r t i s o n e ,  sugges t ing  
t h a t  a la rge  p r o p o r t i o n  o f  the  increased growth o f  worms in pregnant 
mice is  due t o  increased food in ta k e  ( F ig ,  1 -30) ,  Worms from 
l a c t a t i n g  mice are h e a v ie r  than worms o f  the same age from pregnant  
mice ( F ig ,  1 -29) ,  and c o r t i s o n e  t re a tm e n t  o f  l a c t a t i n g  mice had 
l i t t l e  e f f e c t  on worm growth ,  i n d i c a t i n g  t h a t  l a c t a t i n g  mice are 
a l re a d y  s u b s t a n t i a l l y  immunodepressed ( F ig ,  1 -31) ,  However, 
l a c t a t i n g  mice c a r r i e d  h e a v ie r  worms than c o r t i s o n e - t r e a t e d
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nul I i parous mice, I n d i c a t i n g  t h a t  increased food in tak e  a l s o  made a 
s u b s t a n t i a l  c o n t r i b u t i o n  t o  worm growth in l a c t a t i n g  mice. Growth 
o f  H, d im inu ta  in l a c t a t i n g  mice may w e l l  be proceeding a t  the 
maximum ra te  p h y s i o l o g i c a l l y  p o s s ib le  f o r  the worm, and c o r t i s o n e  
t re a tm e n t ,  even assuming i t  t o  be com p le te ly  e f f e c t i v e  in a b l a t i n g  
the  immune response, would t h e r e f o r e  have l i t t l e  e f f e c t .  Thus, 
a l though worm growth is  a t  l e a s t  p a r t i a l l y  i n f l u e n c e d  by the  s ta tu s  
o f  the  immune system in p regnant  and l a c t a t i n g  mice. I t  is  v i r t u a l l y  
im poss ib le  t o  separa te  t h i s  f rom the e f f e c t s  o f  hyperphagia ;  
percen tage recovery  o f  worms is  t h e r e f o r e  p robab ly  the b e t t e r  measure 
o f  the  degree o f  immunological  r e a c t i v i t y  in t h i s  case, a l though 
the inc rease in  worm growth may be a very  im po r tan t  f a c t o r  in the 
p o p u la t io n  dynamics o f  H, d im inu ta  in w i l d  mouse p o p u la t i o n s .
Having e s ta b l i s h e d  t h a t  pregnancy and l a c t a t i o n  cause reduced 
immunological  responsiveness t o  H, di mi n u ta , the problem is  to  
determine which o f  the  immunological  events invo lved  i s / a r e  depressed. 
Impaired in d u c t io n  o f  the immune response t o  T,  s p i r a l i s  in mice 
Immunised w i th  i r r a d i a t e d  la rvae  w h i l e  l a c t a t i n g  was descr ibed  by 
Ngwenya (1977);  however, l a c t a t i n g  mice in fe c te d  w i th  T. muris 
showed a near-normal secondary response to  a subsequent c h a l le nge  
i n f e c t i o n  (Selby & Wake I in ,  1975), Mice immunised w i th  H, d im inu ta  
f o r  a s h o r t  pe r io d  d u r in g  pregnancy o r  l a c t a t i o n  and subsequen t ly  
cha l lenged  showed a response a t  l e a s t  as s t ron g  as t h a t  o f  
s i m i l a r l y  immunised n u l l ! p a r o u s  mice, a l though worm r e j e c t i o n  in 
p regnant  o r  l a c t a t i n g  mice d id  no t  no rm a l l y  commence u n t i l  a f t e r  
the day on which a n t h e l m in t i c  was a d m in is te re d .  These exper iments  
imply  t h a t  the i n d u c t i v e  processes o f  the immune response ( i . e ,  
an t ig en  uptake f o l l o w e d  by s p e c i f i c  s e n s i t i s a t i o n  o f  lymphocytes 
w i t h  gen e ra t ion  o f  immunological  memory) occur  w i t h o u t  i n h i b i t i o n
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in  p regnant  o r  l a c t a t i n g  mice.
F o l low ing  on from t h i s ,  i t  i s  lo g ic a l  t o  assume t h a t  the  
e f f e c t o r  arm o f  the  response Is  depressed, p robab ly  e i t h e r  by 
i n h i b i t i o n  o f  d i v i s i o n  o f  s t im u la te d  lymphocytes o r  by suppress ion 
o f  the  express ion  o f  the  immune response by e f f e c t o r  lymphocytes 
o r  accessory  c e l l s .  In s u p p o r t  o f  the  former  argument,  Mendelsohn 
e t  a l . (1977) repo r ted  t h a t  I n h i b i t i o n  o f  m i t o s i s  was the  major  
e f f e c t  on lymphocytes o f  s t e r o i d  hormones such as proges te rone  and 
c o r t i s o l ;  Dineen & K e l l y  (1972) found t h a t  m esente r ic  lymph node 
c e l l s  (MLNC) from in fe c te d  l a c t a t i n g  r a t s  cou ld  be used t o  t r a n s f e r  
immunity t o  nul I ipa rou s  r e c i p i e n t s  and v ic e  v e rs a , a l though  immune 
MLNC from l a c t a t i n g  donors were less e f f i c i e n t  in l a c t a t i n g  
r e c i p i e n t s ,  and these authors  concluded t h a t  the  d i f f e r e n t i a t i o n  
o f  induced c e l l s  t o  e f f e c t o r  c e l l s  was i n h i b i t e d .  However, O g i l v i e  
& P a r r o t t  (1977) repo r ted  a p p a re n t l y  unpubl ished exper iments  ( c i t i n g  
O g i l v i e  & Love, 1974) showing t h a t  normal immune MLNC t r a n s f e r r e d  
t o  l a c t a t i n g  r a t s  ha rbour ing  a d u l t  ( r a t h e r  than l a r v a l )  N. b ras i  I i e n s i s  
had no e f f e c t  on the  worms, i n d i c a t i n g  t h a t  some o t h e r  s p e c i f i c  
c e l l  f u n c t i o n  was depressed by a l a c t a t i n g  serum f a c t o r ,  t h i s  c e l l  
f u n c t i o n  being e s s e n t i a l  f o r  r e j e c t i o n  o f  a d u l t  ( lu m e n -d w e l l in g )  
i n f e c t i o n s .
The s t r a i n  o f  animal used may a lso  be an im p o r ta n t  f a c t o r  
in  de te rm in ing  the  degree o f  immunodépression; Skowron-Cendrzak 
e t  a l . (1975) repo r te d  t h a t  syngeneic  mat ing in  mice produced 
s i g n i f i c a n t l y  less marked immunodépression du r in g  pregnancy than 
a l l o g e n e i c  m a t ing ,  Maroni & deSousa (1975) found d i f f e r e n c e s  in 
we igh t  o f  the  lymph nodes d r a in in g  the  pregnant  u te rus  in syngene ic  
and a l l o g e n e i c  m at ings ,  a l though  the  o t h e r  lymphoid t i s s u e s  were 
no t  c o n s i s t e n t l y  d i f f e r e n t  in  the  two groups; t h i s  lack  o f  d i f f e r e n c e
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in the  p e r ip h e ra l  nodes was r e c e n t l y  conf i rmed by H e the r ing ton  & 
Humber (1977),  Many o f  the exper iments  in l a c t a t i n g  animals i n f e c t e d  
w i th  i n t e s t i n a l  nematodes have been c a r r i e d  ou t  w i th  syngene ic  
an imals  Ce,g, Dineen & K e l l y ,  1972; Ngwenya, I976£) ,  and immunity 
t o  H, d i mi nuta was a p p a re n t l y  markedly depressed In syngeneic  (NIH 
X NIH) pregnancy (F ig ,  1 -16) ,  However, the  e f f e c t  o f  pregnancy may 
a l s o  be r e la te d  t o  the s p e c i f i c  s t r a i n  Invo lve d ,  C la rke  (1979) 
repo r ted  i n t e r e s t i n g  exper iments  showing t h a t  C57 BI female mice 
immunised a g a in s t  and then mated w i t h  CBA male mice d id  no t  show 
the  c l a s s i c  p regnancy-assoc ia ted  i n v o l u t i o n  o f  the thymus; however, 
in the  re c ip r o c a l  case (CBA female immunised a g a in s t  and mated 
w i t h  057 Bl males) thymic  i n v o l u t i o n  occur red  n o rm a l l y .  This  
t h e r e f o r e  is an i n d i c a t i o n  t h a t  the s t r a i n  o f  mouse used in 
exper iments  on pregnancy and l a c t a t i o n  may p ro fo u n d ly  a f f e c t  the 
r e s u l t s  o b ta in e d .
One very  im p o r ta n t  p o i n t  t h a t  a r i s e s  f rom the  exper iments  
presented here is  t h a t  o f  an t i -w o rm  an t ib ody  p ro d u c t i o n .  As 
a l re a d y  summarised in the  I n t r o d u c t i o n ,  mice are capable  o f  
produc ing  a n t ib o d ie s  a g a in s t  an t ig ens  du r ing  pregnancy and l a c t a t i o n ,  
and pregnant  mice may even have enhanced an t ib ody  p o t e n t i a l  
( F a b r i s ,  1973; Kenny & Diamond, 1977), H, di mi nuta in the  mouse 
is  no rm a l l y  coated w i th  a v a r i e t y  o f  immunoglobul in c lasses  t h a t  
appear,  f rom the s e q u e n t ia l  manner o f  t h e i r  appearance on the  
tegument, t o  be s p e c i f i c  a n t ib o d y  a g a in s t  the worm (Befus I 975_b,
1977), Assuming t h a t  p ro d u c t io n  o f  these a n t ib o d ie s  may a ls o  be 
Increased du r in g  pregnancy, the  s lo w e r  r e j e c t i o n  o f  H. d im inu ta  
in  p regnant  mice does no t  s upp o r t  an independent r o l e  f o r  an t ib o d y  
in r e j e c t i o n  o f  H, dI mi n u ta , nor is  the  p o s s i b i l i t y  t h a t  growth 
o f  the  worms is  a f f e c t e d  adve rse ly  by an t ib ody  con f i rmed by the
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exper iments  presen ted here .
The presence o f  the  t h i r d  component o f  complement (C^) has 
a l s o  been observed on the s u r fa c e  o f  H. d im inu ta  in mice (Befus ,
1977); i t  Is  t h e r e f o r e  p o s s ib le  t h a t  complement components In the  
presence o f  an t ib o d y  may be in v o lv e d  in r e j e c t i o n  o f  H, d im in u t a . 
However, the  a v a i l a b l e  ev idence suggests t h a t  both the  serum 
c o n c e n t r a t i o n  o f  and complement a c t i v i t y  inc rease du r in g  pregnancy 
(rev iewed by Gusdon, 1976), sugges t ing  t h a t  s lower  r e j e c t i o n  o f  
H. d im inu ta  du r in g  pregnancy is  n o t  due t o  complement d e f i c i e n c y .
In the  case o f  l a c t a t i o n  th e r e  is  d i r e c t  ev idence from 
o t h e r  h o s t - p a r a s i t e  systems t h a t  s p e c i f i c  an t i -worm  an t ibody  is  
manufac tured,  and ant ibody-damaged worms can be found in the 
I n t e s t i n a l  lumen o f  l a c t a t i n g  an imals  ( K e l l y  & O g i l v i e ,  1972;
Connan, 1973a; Selby & W ake l in ,  1975),  O’ S u l l i v a n  (1974) found t h a t  
l a c t a t i o n  in  the g u in e a -p ig  i n h i b i t e d  r e j e c t i o n  o f  T,  c o l u b r i f o r m i s , 
and a t t r i b u t e d  t h i s  t o  a f u n c t i o n a l  d e f i c i e n c y  o f  the myelo id  
component in v o lv e d  In r e j e c t i o n ;  however, w i t h  o t h e r  models such 
as T,  muris in the mouse (Se lby & Wakel in ,  1975) and N, bras I I i e n s i s  
In the r a t  (Dineen & K e l l y ,  1972) the  d e f i c i e n t  component i s  
though t  t o  be a lymphoid one, presumably T c e l l s ,  i n d i c a t i n g  t h a t  
the  immune d e f i c i e n c y  o f  l a c t a t i o n  is  f u n c t i o n a l l y  s i m i l a r  t o  
t h a t  o f  pregnancy. The p h y s i o l o g i c a l  mechanisms caus ing 
immunosuppression du r in g  l a c t a t i o n  may t h e r e fo r e  be s i m i l a r  t o  those 
du r in g  pregnancy. Thus, as an t ib o d y  fu n c t io n  and p ro d u c t io n  Is 
l a r g e l y  u n a f fe c te d  by l a c t a t i o n ,  t h i s  f u r t h e r  suppor ts  the  th e o ry  
t h a t  a n t ib o d ie s  do no t  a dv e rs e ly  a f f e c t  the growth o r  s u r v i v a l  o f  
H, d im in u t a .
T r a n s f e r  o f  Immunity t o  o f f s p r i n g  by c o l o s t r a  I and m i l k -  
borne an t ib ody  i s  a we I ! -documented phenomenon, and t h i s  i s  a
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p a r t i c u l a r l y  im p o r ta n t  mechanism w i t h  an t igens  presen ted from 
the lumen o f  the  maternal  small  i n t e s t i n e ,  IgA Is the  major  
immunoglobul in o f  i n t e s t i n a l  and mammary s e c r e t io n s  (Brandtzaeg 
e t  a I 1970) ,  and the r e l a t i o n s h i p  between i n t e s t i n a l  immune 
responses and mammary IgA is  so c lo se  t h a t  i t  has been suggested 
t h a t  IgA in the  m i l k  may be used as an accu ra te  r e f l e c t i o n  o f  
the  a n t i g e n i c  exposure o f  the  g u t  ( A h l s te d t ,  C a r lsson ,  F a l l s t r o m ,  
Hanson, Holmgren, L id in -J a n s o n ,  L indb lad ,  Joda l ,  K a i j s e r ,
Soh l -Ake r lund  & Wadsworth, 1977),  E n t e r i c  b a c t e r i a  such as 
Escheri  chI a co I i , Sa ImoneI I a typh imuriurn and V i b r i o  choIerae w i l l  
e l i c i t  s p e c i f i c  a n t ib ody  responses in the g u t ,  and s p e c i f i c  IgA 
a n t ib o d ie s  can be subsequen t ly  de tec ted  in the c o los t rum  and 
m i l k  w i t h o u t  s u b s t a n t i a l  amounts o f  t h i s  an t ibody  appear ing in  the  
serum (Goldblum, A h l s t e d t ,  C a r lsson ,  Hanson, J o d a l ,  L id in -Janson  
& S o h l -A k e r lund ,  1975; A l l a r d y c e ,  Shearman, McLei tand, Marwick,  
Simpson & Laid I aw, 1974; Holmgren, Hanson, Ca r lsson ,  L indb lad  & 
Rahimtoola ,  1976),
IgA is  sec re ted  in  the  mammary gland by 3 c e l l s  ( A h l s t e d t  
e t  a l , ,  1977), Love & O g i l v i e  (1977) have shown t h a t  t h o r a c i c  duc t  
lymphoblasts  a p p a re n t l y  m ig ra te  t o  mammary t i s s u e s  o f  l a c t a t i n g  ra ts  
i f  I n je c te d  in t r a v e n o u s ly ,  i n d i c a t i n g  t h a t  c e l l s  s t im u la t e d  by 
g u t  an t igens  ( i n  t h i s  case N, b ra s i  I ! e n s i s ).may m ig ra te  t o  the  
mammary t i s s u e s .  T h is  has r e c e n t l y  been con f i rmed by McDermott & 
B ienenstock  (1979),  who demonstrated t h a t  IgA-produc Ing MLNC w i l l  
p r e f e r e n t i a l l y  l o c a l i s e  in mammary t i s s u e .  In the p ig ,  intramammary 
o r  i n t r a m u s c u la r  i n j e c t i o n  o f  l i v e  t r a n s m i s s i b l e  g a s t r o e n t e r i t i s  
v i r u s  g ives  a high a n t ib o d y  t i t r e  in serum and c o los t rum ,  m a in ly  
IgG; c o l o s t r a  I l e v e ls  drop r a p i d l y  a f t e r  the  f i r s t  24 hours o f  
l a c t a t i o n  and le v e ls  o f  s p e c i f i c  an t ibody  in the  m i l k  are low
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t h e r e a f t e r *  In c o n t r a s t ,  e n t e r i c  i n f e c t i o n  o f  the  mother g ives 
low serum and c o l o s t r a  1 a n t ib o d y ,  b u t  much h ig h e r ,  p e r s i s t e n t  
le v e ls  in the m i l k ,  and t h i s  an t ibody  (which p r o t e c t s  the  progeny 
a g a in s t  i n f e c t i o n )  i s  m a in ly  IgA (Boh I ,  Gupta,  O lqu in  & S a i f ,  1972).
Cestodes such as H* nana and Taen i a ovi  s have p r e v io u s ly  
been shown t o  be adve rse ly  a f f e c te d  in o f f s p r i n g  w i th  immunised 
mothers (Larsh ,  1942; R icka rd ,  Boddington & McOuade, 1977), and 
in the case o f  T ,  t a e n ia e fo r m is  in the  mouse, i t  has been shown 
t h a t  c o l o s t r a !  IgA w i l l  p r o t e c t  young mice a g a in s t  c ha l le nge  
i n f e c t i o n  (L loyd  & Soulsby,  1978),  In the exper iments  presen ted 
In t h i s  Chapter ,  t h e r e  was no ev idence f o r  m i l k -b o rn e  an t ibody  
p r o v id in g  any p r o t e c t i o n  a g a in s t  i n f e c t i o n  w i th  H, d i m i n u t a .
L a c ta t io n  p e r s i s t s  f o r  about  21 days in the  mouse, and c ha l le nge  
a t  6, 3 o r  2 weeks pos t  partum showed no d i f f e r e n c e  in growth o r  
s u r v i v a l  o f  the  worms between groups w i th  immunised o r  u n in fe c te d  
mothers,  Larsh (1942) repo r te d  t h a t  the a c t i v i t y  o f  m i l k -b o rn e  
a n t ib o d y  a g a in s t  H, nana p e r s i s t e d  f o r  37-41 days a f t e r  b i r t h ,  and 
s i m i l a r  f i g u r e s  f o r  T , s p i r a l i s  were recorded by D ucke t t  e t  a l , (1972),  
so any an t ib ody  d i r e c t e d  aga i n s t  H , d i mi nuta shou ld  have d i s p la y ed  
some a c t i v i t y  in  the  groups in f e c t e d  a t  2 o r  3 weeks o l d ,  even 
i f  no t  in  the groups i n f e c t e d  a t  s i x  weeks o f  age.
Al though no a t te m p t  was made t o  d e te c t  s p e c i f i c  a n t ib o d ie s  
in  the mi Ik o f  mice i n f e c t e d  w i th  H. d im inu ta  in  the  p resen t  s tudy ,  
i t  seems very  l i k e l y  t h a t  they  are produced; no damage t o  the 
i n t e s t i n e  is  necessary f o r  appearance in the  m i l k  o f  a n t ib o d ie s  t o  
the a n t ig e n ,  as was shown in (unpub l ished )  work by Andre (1975),  
in which a n t ib o d ie s  t o  sheep red blood c e l l s  were de tec ted  in  the  
m i l k  o f  g u in e a -p ig s  10 days a f t e r  o ra l  a d m in i s t r a t i o n  o f  a 
suspension o f  sheep e r y t h r o c y t e s .  A l though the  m i l k  f rom mice
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i n fe c te d  w i th  H. d im inu ta  may prove t o  be a use fu l  source o f  
an t i -wo rm  a n t ib o d ie s  f o r  f u t u r e  expe r imen ts ,  the  exper iments  
presen ted here i n d i c a t e  t h a t  IgA has no d e le t e r i o u s  e f f e c t  on the 
e s ta b l i s h m e n t ,  growth o r  s u r v i v a l  o f  H. d im in u t a .
Tak ing  the r e s u l t s  o f  a l t  the  exper iments presented in 
t h i s  Chapter ,  i t  appears u n l i k e l y  t h a t  a n t ib o d ie s  o r  complement 
are  Invo lved  in r e j e c t i o n  o f  H. d im in u t a ; t h i s  f u r t h e r  con f i rm s  
the work o f  Isaak (1976) ,  who repo r te d  t h a t  mice w i t h o u t  an t ibody  
p o t e n t i a l  are ab le  t o  expel  H, d im in u t a.  However, t h e r e  are o t h e r  
p o s s ib le  i n t e r p r e t a t i o n s .  I t  has been suggested t h a t  the  
immunoglobul in on the  s u r fa c e  o f  H, d im inu ta  may p r o t e c t  the 
worm, masking i t s  presence from the hos t  (Befus & Podesta,  1976), 
and Increased an t ib ody  p ro d u c t io n  in  pregnant and l a c t a t i n g  mice 
may t h e r e f o r e  enhance t h i s  f u n c t i o n ,  caus ing s lower  r e j e c t i o n .
There is  as y e t  no ev idence t h a t  the an t ibody  c o a t in g  on H, d im inu ta  
p r o t e c t s  the  worm in any way d u r in g  a normal i n f e c t i o n ,  r e j e c t i o n  
f rom the mouse be ing  such a r a p id  process; i t  Is much more p robab le  
t h a t  the  e f f e c t s  o f  pregnancy and l a c t a t i o n  a r i s e  f rom de fec ts  
in the  f u n c t io n s  o f  e f f e c t o r  T c e l l s .  An t ibody ,  t h e r e f o r e ,  appears 
t o  have no Independant  a c t i o n  on the  worm, a l though  i t  may have 
some minor  f u n c t i o n s  in the  presence o f  e f f e c t i v e  T c e l l s  a n d /o r  
mye lo id  components.
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SUMMARY
1, The e f f e c t s  o f  pregnancy and l a c t a t i o n  on immune responses 
and the  p o s s ib le  mechanisms in v o lv e d  are b r i e f l y  rev iewed,  
in g e n e ra l ,  T e f f e c t o r  lymphocyte responses are i n h i b i t e d ,  
bu t  T h e lp e r  and B lymphocyte responses are u n a l te re d  o r  
enhanced,
2.  I t  is  shown t h a t  p regnant  and l a c t a t i n g  mice r e j e c t  H. d im inu ta  
more s lo w ly  than normal mice; growth i s  a ls o  enhanced in these 
mice, p a r t l y  because o f  increased food in ta k e ,  p a r t l y  because 
o f  the immunodepressive e f f e c t s  o f  pregnancy and l a c t a t i o n ,
3,  L a c ta t io n  is  shown t o  have a markedly g r e a t e r  Immunodepressive 
e f f e c t  than pregnancy,
4,  The immunological  d e fe c t  is  shown t o  l i e  in the  e f f e c t o r  arm 
o f  the  response, as pregnant  and l a c t a t i n g  mice are s low t o  
expel a secondary i n f e c t i o n ,  and immunological  s e n s i t i s a t i o n  
is  u n i n h i b i t e d  by pregnancy and l a c t a t i o n ,
5.  I t  is  demonstrated t h a t  mice w i th  immunised mothers ga in  no 
p r o t e c t i o n  a g a in s t  H, d im !nu ta  i n f e c t i o n ,  e i t h e r  by 
t r a n s p la c e n t a l  o r  m i l k - b o rn e  an t ib ody  t r a n s f e r ,
6.  I t  i s  concluded t h a t  the  immunological  d e fe c t  In pregnant  
and l a c t a t i n g  mice i s  a t  the  leve l  o f  the  T e f f e c t o r  c e l l  
a n d /o r  assoc ia ted  accessory  non- lympho id c e l l s ,  and t h a t  
an t i -w o rm  an t ib ody  has no majo r  independent  e f f e c t  on
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the  s u r v i v a l  o r  growth o f  H. d im in u t a . I t  i s  suggested t h a t  
f u t u r e  work should Inc lude  c a r e f u l  m o n i to r in g  o f  the  food 
in ta k e  o f  p regnant  and l a c t a t i n g  mice to  determine the  e x t e n t  
t o  which the  g r o w t h - l i m i t i n g  response o f  the mouse t o  the 
worm is  depressed.
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CHAPTER 2
THE LOCATION OF THE PROTECTIVE 
ANTIGENS OF HYMENOLEPIS DIM[NUTA
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INTRODUCTION 
I * I n v e s t i g a t i o n  by t r a n s p l a n t a t i o n  o f  worms
In the  i n v e s t i g a t i o n  o f  the  immune responses o f  the hos t  
t o  i t s  p a r a s i t e s ,  i t  is  a g r e a t  advantage t o  be ab le  t o  i s o l a t e  
t he  an t ig en  ( o r  a n t ig e n s )  which s t im u la t e s  an e f f e c t i v e  immune 
response by the  ho s t ,  i . e .  the ' p r o t e c t i v e  a n t i g e n ( s ) ' .  Th is  is  
v a lu a b le  In exper imenta l  i n v e s t i g a t i o n  f o r  use both in  in v i t r o  
immunological  techn iques  and in in v iv o  development o f  vacc ines o r  
d i a g n o s t i c  reagents f o r  use in he lm in th  i n f e c t i o n s  o f  medical o r  
v e t e r i n a r y  Importance.  I s o l a t i o n  o f  p r o t e c t i v e  an t igens  from the 
m u l t i t u d e  o f  d i f f e r e n t  p r o te in s  con ta ined  in and produced by 
the  p a r a s i t e  is  a d i f f i c u l t  process and has r a r e l y  been acheived ; 
whole worm homogenates have f r e q u e n t l y  been used f o r  immunisat ion,  
b u t  w i th  v a ry in g  degrees o f  success (rev iewed b r i e f l y  by Wakel in & 
Se lby ,  1973; Cox, 1978),  A more reward ing approach is  the use o f  
s p e c i f i c  components o f  the  worm’ s s t r u c t u r e  f o r  homogenisa t ion,  in 
cases where the worm is  d i v id e d  i n t o  f u n c t io n a l  reg io ns ,  such as 
is  the  case w i th  t r i c h u r o i d  nematodes. The s t ichosome c e l l s  o f  
these worms have proved t o  be a very  va lu a b le  source o f  p r o t e c t i v e  
an t igens  in  t h a t  the a n t e r i o r  p a r t  o f  worms such as T r i c h i n e  I la 
s p i r a l i s  and T r i c h u r i s  muris c o n ta in s  very  l i t t l e  excep t  the 
s t i c h o c y t e s ,
Despommier and c o l le a g u e s ,  work ing  w i t h  T,  s p i r a l i s , found 
t h a t  homogenates o f  l a r v a l  worms cou ld  immunise a g a in s t  a d u l t  and 
l a r v a l  cha l le nge  i n f e c t i o n  w i th  T . s p i r a l i s  (Despommier, Campbell 
& B l a i r ,  1977^),  and t h a t  the  st ichosome g ranu les  o f  T . s p i r a l i s  
la rvae  c r o s s - r e a c t  w i t h  immune serum and con ta in  a l l  the  an t igens
0assoc ia ted  w i th  e x c r e t o r y / s e c r e t o r y  an t igens  (Despommier &
M u l l e r ,  1976); these l a t t e r  an t igens  are known t o  be p r o t e c t i v e  
(Campbel l,  1955)* Immunisat ion o f  mice w i th  st ichosome granu les  
a p p a re n t l y  p r o t e c ts  the  mice a g a in s t  a subsequent i n f e c t i o n ,  causing  
a decrease in muscle la rva  recovery  o f  80-90% (Despommier &
M u l l e r ,  1970), decrease in f e c u n d i t y  and a c c e le r a t i o n  o f  a d u l t  
worm e x p u ls io n  (see Jenk ins  & W ake l in ,  1977),
Wakel in & Selby (1973) showed t h a t  v a c c in a t io n  o f  mice 
w i th  s o lu b le  e x t r a c t s  o f  the  a n t e r i o r  reg ion  o f  T * muri s worms 
s t im u la te d  a h igh  degree o f  r e s is ta n c e  t o  i n f e c t i o n ,  and a t t r i b u t e d  
t h i s  t o  the  presence o f  the s t i c h o c y t e s .  Th is  con c lu s io n  was 
con f i rmed by the work o f  Jenk ins  & Wakel in (1977),  who showed 
t h a t  s t ichosome an t igen  and s h o r t  te rm in cuba t io n  f l u i d  Induced 
a high  degree o f  p r o t e c t i v e  Immunity,  and t h a t  both an t igen  
p re p a ra t io n s  produced an i d e n t i c a l  s i n g l e  l i n e  in  immunod if fus ion  
a g a in s t  r a b b i t  a n t i - w h o le  worm an t ise rum .
In the case o f  i n t e s t i n a l  cestodes,  the  s i t u a t i o n  is  much 
more complex,  owing l a r g e l y  t o  the  f u n c t io n a l  o r g a n i s a t i o n  o f  
the  worm. The a d u l t  ces tode has th re e  general  reg io ns ,  namely the 
s c o le x ,  the  u n d i f f e r e n t i a t e d  neck reg io n ,  and the  s t r o b i l a  In 
va r io u s  s tages o f  m a tu ra t io n ,
The source o f  the  p r o t e c t i v e  an t igens  o f  a d u l t  cestodes 
was p re v io u s ly  though t  t o  be the  s c o le x ,  as t h i s  i s  the  p a r t  o f  
the  worm most l i k e l y  t o  p e n e t ra te  the  gu t  e p i t h e l i u m  and thus be 
immunogenic (see Rees, 1967), Working w i th  Echinococcus granu losus 
in dogs, Smyth (1963) desc r ibed  " s e c r e t i o n  o f  smal l  v i s c i d  
d r o p le t s  i n t o  the  medium from the hook re g io n " ,  a s e c r e t i o n  which 
was l a t e r  shown t o  o r i g i n a t e  in the  s e c r e to r y  c e l l s  o f  th e  r o s te l l u m  
(Smyth, 1964). Smyth (1969) . p o s tu la te d  t h a t  the  s c o le x  o f
E» granu losus o f te n  pene t ra ted  the e p i t h e l i u m  o f  the  dog smal l  
I n t e s t i n e  and repo r te d  t h a t ,  concern ing  the  s e c r e t io n  d r o p le t s ,  
"ev idence  has s in ce  been o b ta ined  t h a t  what is  observed 
m a c ro s c o p ic a I I y is  no t ,  in  f a c t ,  the s e c r e t io n  i t s e l f ,  bu t  an 
an t i  body -an t i  gen r e a c t io n  t a k in g  p lace between i t  and a n t i b o d y " .  
S e c re to ry  gland c e l l s  in the  s c o lex  o f  the  f a m i l y  Hymenolepididae 
have been repo r ted  by Baczynska (1914) and Fuhrmann (1918),  so 
the  sco lex  as the  source o f  the  p r o t e c t i v e  an t i  gen(s)  appeared 
t o  be an a t t r a c t i v e  p r o p o s i t i o n .
C o ns id e ra t io n  o f  the  s t r o b i l a  as a source o f  p r o t e c t i v e  
an t ig ens  p r e v io u s l y  appeared less a t t r a c t i v e ;  i t  is  o n l y  r e c e n t l y  
t h a t  t h i s  p o s s i b i l i t y  has been cons idered ,  w i th  general  acceptance 
o f  the  f a c t  t h a t  uptake o f  a n t i  g e n i c a I l y  I n t a c t  p r o te in s  across 
the gu t  e p i t h e l i u m  is p o s s ib le  ( rev iewed by Hammings, 1978), and 
e l u c i d a t i o n  o f  the  p robab le  f u n c t i o n  o f  the dome o f  Peyer ’ s patches 
in  an t igen  uptake (Bockman & Cooper,  1973), The re lu c ta n c e  t o  
accep t  t h a t  e n t i r e l y  lumenal p a r a s i t e s  can be a n t i g e n i c  stems from 
a v a r i e t y  o f  causes. Many n u t r i t i o n i s t s  made c a t e g o r i c  s ta tements  
t o  the  e f f e c t  t h a t  p r o t e i n s  were com p le te ly  degraded t o  amino ac ids  
be fo re  a b s o rp t i o n ,  and th e re  was some argument ove r  whether  
d ip e p t id e s  o r  even t r i p e p t i d e s  cou ld  be absorbed i n t a c t  (see 
Wiseman, 1964, pp 5 1 -5 4 ) ,  Th is  idea arose p a r t l y  because o f  the  
i n s e n s i t i v e  techn iques  employed, and a lso  oerhaps because o f  the 
p a r t i c u l a r  p r o te in s  used; e , g ,  albumen, which as Hammings &
W i l l i a m s  (1978) p o i n t  o u t ,  " i s  an u n fo r tu n a te  cho ice o f  an t igen  
f o  t h i s  purpose"  because i t  is  l a r g e l y  broken down by p e p t i c  a c t io n  
in  the stomach. As e a r l y  as 1900 i t  was known t h a t  o r a l l y  
adm in is te red  egg p r o t e i n  gave r i s e  t o  s o e c i f i c  serum p r e c i p i t l n s  
(Uh lenhu th ,  1900) , and Hecht,  Mosko, L u b in ,S u lz b e rg e r  & Baer (1944)
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showed t h a t  ragweed p o l l e n  p r o t e in s  cou ld  be absorbed i n t a c t  
across the  gu t  e p i t h e l i u m .  Th is  type  o f  in fo rm a t io n  d id  no t  f i n d  
I t s  way i n t o  the  more general  l i t e r a t u r e ,  and the p r i n c i p l e s  
e x h i b i t e d  remained In o b s c u r i t y  u n t i l  r e c e n t l y .  I t  i s  now g e n e r a l l y  
accepted t h a t  an t igen  uptake by the  gu t  takes p lace on a la rge 
s c a le ;  f i g u r e s  o f  0 ,1 -2 ,0% are given in the  CIba Symposium 
d is c u s s io n  (1977, pp 356-350) ,  and Hammings & W i l l i a m s  (1978) found 
t h a t  as much as 40% o f  bov ine  IgG cou ld  be absorbed by the r a t  gu t
as la rge  breaksown p ro d u c ts ,  o f  which a t  le a s t  some r e t a i n
a n t i g e n i c i t y .
The tegument o f  the a d u l t  cestode thus appears t o  be a 
p o t e n t i a l  source o f  p r o t e c t i v e  a n t ig e n s .  The tegument i s  a 
m e tabo I ica I  I y a c t i v e  s i t e :  Oaks & Lumsden (1971) repo r te d  
" a p p re c ia b le  rep lacement"  o f  a c a r b o h y d ra te - c o n ta in in g  macromolecule 
component o c c u r r in g  6-8 hours a f t e r  i t s  s y n th e s is  and in c o rp o r a t i o n  
I n to  the  brush b o rd e r .  I t  is  a l s o  known t h a t  enzymes are produced 
by the  worm which appear on the  o u t e r  su r fa ce  o f  the  tegument; these 
may a s s i s t  in d i g e s t i o n ,  o r  p r o t e c t  the  worm from the  a c t i o n  o f  
hos t  enzymes (see Pappas & Read, I972_a, _b; Arme, 1976),
The p resen t  s tudy  arose p r i m a r i l y  f rom the  o b s e rv a t io n  o f te n
made t h a t  s i n g l e  H, d im!nuta  worms in mice s u r v i v e  longer  and
grow f a s t e r  than worms in mu I t i p I e - c y s t l c e r c o i d  i n f e c t i o n s ,  The 
techn ique  o f  t r a n s p l a n t i n g  d i r e c t l y  i n t o  the duodenum (Hopkins & 
Za jac ,  1976) was used in  the p resen t  s tudy t o  assess the r e l a t i v e  
Importance o f  the  amount o f  s t r o b i l a  In s t i m u l a t i n g  an immune 
response.
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2, The e f f e c t  o f  i r r a d i a t i o n  on growth,  development and 
immunogenic i ty o f  Hymenolepis d im inu ta  c y s t i  ce rco i  ds
The use o f  a t te nua ted  organisms in v a c c in a t io n  has been 
s tu d ie d  s ince  the t im e o f  Pas teu r ,  who produced the f i r s t  
m e d ic a l l y  im po r tan t  l i v e  a t te nua ted  vacc ine ( f o r  an th rax )  in 1881,
The method o f  cho ice  f o r  a t t e n u a t i o n  o f  metazoan p a r a s i t e s  is  
i r r a d i a t i o n ,  u s u a l l y  o f  l a r v a l  s tages ,  i d e a l l y  such t h a t  i n f e c t i o n  
o f  the  host  w i th  i r r a d i a t e d  p a r a s i t e s  w i l l  render  I t  immune t o  
c ha l le nge  w i th  v i r u l e n t  ( i , e ,  non -a t tenua ted )  organisms o f  the  
same spec ies .  I t  is  im po r tan t  t h a t  I r r a d i a t e d  he lm in th  vacc ines 
shou ld  g ive  r i s e  t o  s t e r i l e  a d u l t s ,  o r  no t  develop as f a r  as the 
a d u l t  stage i f  the s t i m u l a t i o n  o f  immunity is  a p ro p e r t y  o f  the 
la r v a l  stage (see B i c k l e ,  T a y l o r ,  James, Nelson, Husse in ,  Andrews, 
Dobinson & M a rs h a l l ,  1979c), and a l s o  t h a t  t i s s u e  damage i n f l i c t e d  
on the  hos t  is  no t  severe .
I r r a d i a t i o n  o f  he lm in ths  as a means o f  p roduc ing  vacc ines 
looked t o  be a p rom is ing  p rospec t  in  the 1950’ s,  w i t h  the 
appearance o f  a com m erc ia l l y  a v a i l a b l e  vacc ine a g a in s t  the c a t t l e  
lungworm D ic tyo cau lus  v i v i parus ( J a r r e t t ,  Jenn ings,  M c In ty re ,
M u l l ig a n  & U rquha r t ,  I960) ,  An i r r a d i a t e d  vacc ine  a g a in s t  the  
canine hookworm Ancylostoma caninum was developed by M i l l e r  (1970) 
and was a l s o  commerc ia l l y  a v a i l a b l e  f o r  a s h o r t  p e r io d  be fo re  i t s  
w i thd rawa l  f o r  v a r io u s  reasons n o t  assoc ia ted  w i th  the  vacc ine 
i t s e l f  (see M i l l e r ,  1978), The on I y o t h e r  notab I y success fu I  
vacc ine  t o  date is  t h a t  agai n s t  D« f i  l a r l a  In sheep ( M u l l i g a n ,  1976), 
Exper imental  work w i th  a v a r i e t y  o f  o t h e r  I r r a d i a t e d  nematodes 
has produced p rom is ing  r e s u l t s  ( b r i e f l y  reviewed by Cox, 1978)
The p o s s i b i l i t i e s  o f  p roduc ing  an i r r a d i a t e d  vacc ine  f o r
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human s c h is to s o m ia s is  have long been a p p re c ia te d ,  as have the 
problems o f  s to ra ge  o f  such a vacc ine  (Smithers & T e r r y ,  1969), 
a l though s to rage  by c r y o p r e s e r v a t I  on has been shown t o  be p o s s ib le  
(James & F a r r a n t ,  1977), Immnuisat ion o f  animals a g a in s t  
sch istosomes is  c u r r e n t l y  more p rom is ing  than the  p rospec ts  o f  
human v a c c i n a t i o n ;  success fu l  r e s u l t s  have been repo r te d  using 
i r r a d i a t e d  vacc ines a g a in s t  Schistosoma mattheel  ( T a y lo r ,  James, 
Nelson, B i c k le ,  Dunne & Webbe, 1976) and S, bov is  (T a y lo r ,  James, 
B i c k l e ,  Hussein ,  Andrews, Dobinson & Nelson, 1979) in the  sheep, 
and S, incoon i tum in  the  dog (Tewari & Singh, 1977), The use 
o f  i r r a d i a t e d  metace rca r iae  o f  F a s c io la  heoa t ica  has been 
success fu l  in  immunising r a t s  a g a in s t  c ha l lenge  i n f e c t i o n  (Armour 
& Darg ie ,  1974), bu t  has met w i th  l i t t l e  success in sheep and 
c a t t l e  (Nansen, 1975),
I r r a d i a t i o n  o f  HymenolepIs spp. has been s tu d ie d  In the  
pas t ,  bu t  w i t h  the  excep t ion  o f  Tan & Jones (1967),  the techn ique  
has been used f o r  m orpho log ica l  s t u d i e s .  Probably  the  f i r s t  
a t tem p t  a t  i r r a d i a t i o n  o f  H, d im inu ta  was by P a la i s  (1933),  who 
observed no e f f e c t  o f  X - I r r a d i a t i o n ,  p o s s ib l y  due t o  us ing too  
low a dosage (Tan & Jones, 1966), S c h i l l e r  ( 195% )  s tu d ie d  
i r r a d i a t i o n  o f  H, nana eggs; he found t h a t  30 000 R* reduced the 
i n f e c t i v i t y  t o  mice, and s ta te d  t h a t  40 kR was "c o m p le te ly  l e t h a l " ,
SchI I 1er a l s o  s tu d ie d  i r r a d i a t i o n  o f  H, nana c y s t i  ce rco i  ds in
the  range 5-20 kR and desc r ibed  morpho log ica l  a b n o r m a l i t i e s  in 
the  r e s u l t i n g  worms. More r e c e n t l y ,  Onyango-Abuje & Weinmann (1974) 
repeated some o f  t h i s  work and conf i rmed t h a t  a d u l t  worms were 
no t  o b ta ined  I f  eggs were exposed t o  more than 30 krad o f
*  I ,0  Roentgen (R) = 0 ,96  rad
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X - i r r a d i a t i o n *
Vi le i  la ,  Gould & Gomberg ( I960 )  s tu d ie d  the  e f f e c t  o f  
^^Co and X - ray  i r r a d i a t i o n  o f  H, d i minuta c y s t i c e r c o i d s . They 
recorded t h a t  12 kR o f  e i t h e r  type  o f  r a d i a t i o n  "p reven ted  most 
c y s t i c e r c o i d s  f rom deve lop ing  t o  tapeworms, and in some cases the 
few tapeworms t h a t  developed were s tun ted  o r  s e x u a l l y  s t e r i l e " .
Doses o f  ove r  8 kR caused s t u n t i n g  o f  the  worms, and a dose o f  
15 kR " rendered the  cys ts  n o n - i n f e c t i v e " .
The p resen t  s tudy  was i n i t i a t e d  p a r t l y  t o  c h a r a c t e r i s e  the
e f f e c t s  o f  h igh le ve ls  o f  i r r a d i a t i o n  on H, d im inu ta  c y s t i c e r c o i d s ;  
up t o  200 krad does not  a b o l i s h  invas iveness  o f  H, nana oncospheres 
(Onyango-Abuje & Welnmann, 1974), and thus c y s t i c e r c o i d s  exposed 
t o  more than 15 krad may r e t a i n  the a b i l i t y  t o  e x c y s t  and e s t a b l i s h .
The e f f e c t  o f  t h i s  leve l  o f  i r r a d i a t i o n  may be t o  cause severe
s t u n t i n g  o f  the  worms; H, d im inu ta  o f  smal l  s i z e  would p robab ly  
n o t  have been recovered by Vi le I I a e t  a I , ( 1960) due t o  the 
l i m i t a t i o n s  o f  the  techn ique  used. I f  i r r a d i a t i o n  o f  H, d im inu ta  
cou ld  s t u n t  growth o f  the worm w i t h o u t  caus ing such damage t h a t  
the  worms had a s h o r t  l i f e s p a n  (see Tan & Jones, 1967), such s tun ted  
worms would be use fu l  in assess ing  the  r o le  o f  the  sco lex  
in  the  s t i m u l a t i o n  o f  immunity t o  H, di mi nuta in  the  mouse.
MATERIALS & METHODS
I « I r r a d i a t i o n  o f  c y s t i c e r c o i d s
C y s t i c e r c o i d s  were removed from bee t le s  and placed in 
g lass  b i j o u  b o t t l e s  c o n ta in in g  HBSS. The b o t t l e s  were exposed 
t o  a 200 Ci ^^Co source f o r  the a p p ro p r i a te  length  o f  t ime 
(dose r a te  1.06 k r a d / m ln u t e ) , and the  c y s t ! c e r c o i d s  were 
adm in is te red  t o  the  mice w i t h i n  90 minutes o f  i s o l a t i o n  f rom the 
in te rm e d ia te  ho s t .
2.  E x c y s ta t io n  o f  c y s t i c e r c o i d s  in v i t r o
S o lu t io n  I :  0 ,8  g peps in (BDH, 1:2500)
100 ml H3SS
0 ,2  N MCI added to  g ive  pH I , 7 -2 .0  
S o lu t io n  2; 0 ,2  g Na t a u ro g Iy c o c h o la te
0 ,3  g t r y p s i n  (BDH, 1:83)
0 ,2  N NaOH added t o  g ive  pH 7 , 0 - 7 ,2  
C y s t i c e r c o i d s  were incubated in  S o lu t i o n  I a t  37^C f o r  I I  m inu tes ,  
in S o lu t i o n  2 f o r  13 minutes a t  37®C, and were then t r a n s f e r r e d  t o  
c lean HBSS f o r  i n s p e c t io n .
A l l  o t h e r  techn iques  are desc r ibed  in General M a te r i a l s  & Methods,
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RESULTS
I , T r a n s p la n t a t io n  o f  worms
a) Comparison o f  speed o f  r e j e c t i o n  o f  la rge  and smal l  worms
in the f i r s t  expe r im en t ,  12-week-old female CFLP mice 
were in fe c te d  s u r g i c a l l y  w i t h  one worm each from c o r t i s o n e - t r e a t e d  
mouse donors* H a l f  o f  the  r e c i p i e n t s  were in f e c t e d  w i t h  worms t h a t  
were e i g h t  days o ld  (d ry  w e igh t  I , 0 -1 ,5  mg), and the  o t h e r  h a l f  
rece ived  worms t h a t  were f o u r  days o ld  ( le s s  than 0,1 mg dry  w e ig h t ) .  
R e c ip ie n t  mice from both groups were k i l l e d  on days 7, 9 & 12 p , i .
On day 7 p , l . ,  7/8 o f  the smal l  worms and 7/9  o f  the  
la rge  worms were recovered,  i n d i c a t i n g  success fu l  e s ta b l i s h m e n t  
o f  the  m a jo r i t y  o f  the t r a n s p la n te d  worms in both groups ( F ig ,  2 - 1 ) ,  
On day 9 p , i ,  t h e re  was a s u b s t a n t i a l  reduc t io n  In the  recovery  
o f  the  la rge worms ( 2 / 7 ) ,  bu t  o n ly  a smal l drop in the number o f  
smal l  worms recovered ( 6 / 8 ) ,  The d i f f e r e n c e  between the  t ^ o  groups 
was s t i l l  e v id e n t  on day 12 p , i , ;  2 /10  and 5/11 worms were recovered 
from the  mice i n f e c t e d  w i th  la rge and small  worms r e s p e c t i v e l y .
The r e s u l t s  o f  t h i s  expe r imen t  t h e r e fo r e  in d i c a te  t h a t  r e j e c t i o n  o f  
the  la rge  worms was f a s t e r  than the  r e j e c t i o n  o f  the smal l v/orms.
Th is  r e s u l t  was con f i rmed in a s i m i l a r  exoer iment  in  which 
worm r e c i p i e n t s  (10 weeks o ld )  were in fe c te d  w i th  4 o r  8 day o l d  
worms from c o r t i s o n e d  mouse donors;  r e c i p i e n t s  were au tops ied  
on days 7, 9 & 12 p , i , ,  and an e x t ra  group o f  e i g h t - d a y  and 
f o u r -d a y  worm r e c i p i e n t s  was k i l l e d  on days 5 and 14 p , i ,  
r e s p e c t ! v e l y .
Th is  exper iment  gave very  s i m i l a r  r e s u l t s  t o  the  p rev ious
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Figure  2 - I
Recovery i%) o f  H. d im inu ta  f rom CFLP mice in fe c te d  
s u r g i c a l l y  w i th  f o u r - d a y - o ld  Co) o r  e i g h t - d a y - o l d
(o) worms from c o r t i s o n e d  donor mice, 
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one; aga in ,  the  m a j o r i t y  o f  the  r e c i p i e n t s  o f  the  l a r g e r  worms 
had r e je c te d  between days 7 and 9 p . I *  ( F ig .  2 - 2 ) ,  R e je c t io n  o f  
the smal l worms was c o n s id e ra b ly  s lo w er ,  100% o f  the  worms be ing 
recovered on day 9 p , l ,  and d e c l i n i n g  s lo w ly  t o  71% on day 12 
and 25% on day 14,
These exper iments  t h e r e f o r e  In d ic a te  t h a t ,  a l though both 
la rge  and smal l  worms posess a s c o le x ,  the worms w i t h  the  g r e a t e r  
amount o f  s t r o b i l a  are r e je c t e d  more q u i c k l y .  However, i t  is  a ls o  
p o s s ib le  t h a t  the observed r e s u l t s  were due t o  the  d i f f e r i n g  
p h y s io lo g ie s  o f  the  two ages o f  worm; the s u s c e p t ib i  l i t y  t o  the  
immune response may d i f f e r ,  o r  p ro d u c t io n  o f  the  p r o t e c t i v e  an t igens  
may beg in o n ly  when the  worm is  a c e r t a i n  age. The f o l l o w i n g  
exper iments  were designed t o  c l a r i f y  t h i s  p o i n t  by us ing  worms 
o f  the  same age, bu t  o f  d i f f e r e n t  s i z e s .
b) R e je c t io n  o f  worms o f  the  same age bu t  o f  d i f f e r i n g  s iz e
( I ) Cut worms
H, d im inu ta  recovered from r a t  donors on day 7 p . i .  were 
t ra n s p la n te d  i n t o  mice e i t h e r  i n t a c t  (about 2 mg dry  w e ig h t )  o r  c u t  
t o  2-3  mm (under 0,1 mg dry  w e ig h t ) .  Mice o f  both groups were 
au tops ied  on days 7 and 9 p , i .
On day 7 p . i . ,  7/8 o f  the  uncut  worms and 3/4  o f  the  c u t  
worms were recovered ( F ig .  2 - 3 ) ,  On day 9 p . i . #  25% o f  the  uncut 
worms were recovered,  compared w i th  50% o f  the  c u t  worms,
A subsequent expe r imen t ,  however, demonstrated t h a t  the 
e s ta b l i s h m e n t  o f  worms c u t  t o  t h i s  s i z e  was low (30-50%), p robab ly  
due t o  the damage i n f l i c t e d  on the  worms. The d i f f e r e n c e  observed on 
day 9 p . i ,  between the  tv/o groups may t h e r e f o r e  be more s i g n i f i c a n t
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Figu re  2-2
Recovery (%) o f  H, d im inu ta  f rom CFLP mice 
in fe c te d  s u r g i c a l l y  w i t h  f o u r - d a y - o ld  ( • )  
o r  e i g h t - d a y - o l d  Co) worms from c o r t i s o n e d  
donor  mice
n = 8 mice per  group, except  groups marked * ,  
where n = 7,
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Figu re  2-3
Dry w e igh t  o f  H. d im inu ta  f rom CFLP mice i n fe c te d  
s u r g i c a l l y  w i t h  i n t a c t  (o)  o r  c u t  C#) 7 -d a y -o ld  
worms. Each p o i n t  rep resen ts  the  t o t a l  w e ig h t  o f  
worm t i s s u e  from a s i n g l e  mouse.
N.R. ,  mice from which no we ighab le  worms were 
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than a t  f i r s t  appears,  as 50% recovery  may rep resen t  \00% recovery
o f  worms t h a t  s u rv iv ed  the  c u t t i n g  proceedure*
( 11) Stunted worms
An exper iment  was performed in  which the  i n t e n t i o n  was t o  
produce worms f o r  t r a n s p l a n t a t i o n  o f  the  same age bu t  o f  d i f f e r i n g  
s i z e s ,  by t a k in g  worms from mouse donors g iven la rge  o r  smal l 
numbers o f  c y s t i c e r c o i d s ; t h e  p r i n c i p l e  was t h a t  the  worms o f  the 
heavy i n f e c t i o n  should be s m a l l e r  than those o f  the l i g h t e r  
i n f e c t i o n  because o f  in te r -worm  c o m p e t i t i o n .
A c c o rd in g ly ,  c o r t i s o n e - t r e a t e d  donor mice were i n fe c te d  w i th  
e i t h e r  3 o r  25 c y s t i c e r c o i d s ,  and the  worms recovered on day 8 p , i ,  
weighed on average 2 .8  mg and 0 ,4  mg r e s p e c t i v e l y .  These worms 
were then t r a n s p la n te d  i n t o  na ive  r e c i p i e n t  mice, and the  course 
o f  i n f e c t i o n  fo l lo w e d  in the two groups.
On day 7 p . i ,  ( F ig ,  2-4)  the  crowded worms were s i g n i f i c a n t l y
l i g h t e r  than the non-crowded worms (p -< 0 ,0 5 ) ;  the  mean worm we igh t  
per  mouse was 16,7 mg and 71 ,3  mg r e s p e c t i v e l y .  On day 9 p . i ,
5 /8  o f  the mice ha rbou r ing  the  normal worms had e x p e l le d  t h e i r  
i n f e c t i o n ,  bu t  o n ly  3 /8  o f  the  mice i n fe c te d  w i th  s tun ted  worms had 
r e je c t e d .  To t e s t  whether  o r  no t  t h i s  v/as a rea l  d i f f e r e n c e ,  the 
remain ing mice were k i l l e d  the  f o l l o w i n g  day (day 10 p . i , ) ,  when i t  
was found t h a t  both groups had r e je c te d  75^ o f  t h e i r  worms. I t  
is  t h e r e f o r e  u n l i k e l y  t h a t  th e re  was any d i f f e r e n c e  in the speed o f  
r e j e c t i o n  between the  two groups.
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Figu re  2-4
Dry w e igh t  o f  H, d im inu ta  f rom CFLP mice in fe c te d  
s u r g i c a l l y  w i th  normal worms (o) o r  worms s tun ted  
by crowding ( • )  f rom c o r t i s o n e d  mouse donors.
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g le  mouse.
N.R . ,  mice from which no we ighable  worms were 
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c) The e f f e c t  o f  in c re a s in g  the  number o f  s c o l l c e s
An exper iment  was c a r r i e d  o u t  in which two groups o f  mice 
rece ived  one H, dimi nuta worm in tra -duodena  I l y  (an e ig h t -d a y  worm 
from c o r t i s o n e d  mouse donors ) ;  one group a l s o  rece ived  f o u r  
c y s t i c e r c o i d s  o r a l l y ,  a f t e r  recovery  f rom the a n a e s th e t i c .  K i l l i n g  
these mice on days 5, 7 & 9 p , î ,  the c y s t ! c e r c o i d  worms shou ld 
c o n t r i b u t e  very  l i t t l e  biomass compared w i th  the  la rge  t r a n p ia n te d  
worm, w h i l e  p r o v id in g  f i v e  t im es the sco lex  m a t e r i a l .
Es tab l ishm en t  o f  t r a n s p la n te d  worms was 100^ In both groups 
on day 5 p , i ,  (F ig ,  2 - 5 ) ,  bu t  in c o n t r a s t  t o  p rev ious  exper iments  
the worms had not  been r e je c t e d  by day 9 p . i .  Up t o  day 9, the 
presence o f  f o u r  e x t r a  s c o l l c e s  had no d e le t e r io u s  e f f e c t  on the 
growth o r  s u r v i v a l  o f  a la rge  worm, e i t h e r  by c o m p e t i t io n  o r  by 
s t i m u l a t i n g  a s t r o n g e r  immune response.  I t  is  n o t i c e a b le  t h a t  the 
c y s t i c e r c o i d - d e r i v e d  worms were s u b s t a n t i a l l y  l i g h t e r  than one 
would no rm a l ly  expec t ;  t h i s  may have been due t o  crowding e f f e c t s  
because o f  the much l a r g e r  t r a n s p la n te d  worm, a nd /o r  i n t e r f e r e n c e  
w i th  the  h o s t ' s  e a t in g  h a b i t s  f o l l o w i n g  su rge ry .
In a second expe r imen t ,  mice rece ived  one f i v e  day o l d  worn 
f rom r a t  donors,  and h a l f  o f  the  mice a l s o  rece ived n ine c y s t i c e r c o i d s  
o r a l l y  a f t e r  recovery  f rom a na es th es ia .  The i n t e n t i o n  o f  using 
the s m a l l e r  worm f o r  t r a n s p l a n t i n g  (about  0 ,5  mg) was t h a t  t h i s  m ight  
lead t o  s lower  r e j e c t i o n  and thus magnify d i f f e r e n c e s  bet^/een the 
groups.  The r e c i p i e n t  mice were k i l l e d  on days 9, 12 & 15 p . i ,
lOOf o f  the  t r a n s p la n te d  worms e s t a b l i s h e d  and were p resen t  
on day 9 p , i .  ( F ig ,  2 - 6 ) ;  the  c o n t r i b u t i o n  o f  the  c y s t i c e r c o i d  worms 
to  the  t o t a l  biomass was 11^!, and the  t o t a l  biomass f o r  the  doub le -  
i n f e c t e d  group was m a r g in a l l y  lower (95 ,3  mg) than f o r  th e  group
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Figu re  2-5
Dry we igh t  o f  H, d im inu ta  f rom CFLP mice i n fe c te d  
s u r g i c a l i y  w i th  one worm Co), o r  i n fe c te d  
s u r g i c a l l y  w i th  one worm and o r a l l y  w i th  f o u r  
c y s t i c e r c o i d s  (©) .  T ransp lan ted  worms from 
c o r t i s o n e d  mouse donors in fe c te d  e i g h t  days 
p r e v i o u s l y .  Each p o i n t  rep resen ts  the  t o t a l  
w e ig h t  o f  worm t i s s u e  from a s i n g l e  mouse,
N.R. ,  mice from which no we ighab le  worms were 
recovered;  Days p . i . ,  days p o s t  i n f e c t i o n .
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F igure 2-6
Dry w e igh t  o f  H, d im inu ta  f rom CFLP mice I n fe c te d  
s u r g i c a l l y  w i th  one worm (o ) ,  o r  in fe c te d  
s u r g i c a l l y  w i th  one worm and o r a l l y  w i th  n ine  
c y s t i c e r c o i d s ;  In the l a t t e r  group, o rep resen ts  
the  t ra n s p la n te d  worms, and A  the  t o t a l  w e igh t  
o f  c y s t  I c e r c o id - d e r i v e d  worm t i s s u e .  T ransp lan ted  
worms from c o r t i s o n e d  mouse donors in fe c te d  
f i v e  days p r e v io u s l y ,
N.R, ,  mice from which no we ighable  worms were 
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i n f e c t e d  w i t h  th e  s i n g l e  worm (107*9 mg). On day 12 p . i . ,  however,  
o n l y  38^ o f  the  s u r g i c a l l y  in t rodu ced  worms remained In the  
d o u b le - i n fe c te d  group, whereas 88!o o f  the worms were recovered 
from the group i n f e c t e d  w i th  a s i n g l e  worm, a d i f f e r e n c e  t h a t  was 
s t i l l  e v i d e n t  on day 15 p . i .  (14^ and 50^ r e s p e c t i v e l y ) ;  the mean 
d ry  w e igh t  o f  worm t i s s u e  pe r  I n fe c te d  mouse was aga in almost 
i d e n t i c a l  in the two groups on day 12 p . i .  (80 ,0  mg and 99.6  mg 
r e s p e c t i v e l y ) ,  a l though  the  s u r g i c a l l y  In troduced worms were 
a p p a re n t l y  r e je c te d  more q u i c k l y  in the  d o u b le - i n fe c te d  group.  Thus 
the presence o f  the  p h y s i o l o g i c a l l y  younger c y s t i c e r c o i d - d e r i v e d  
worms s u b s t a n t i a l l y  hastened r e j e c t i o n  o f  the t r a n s p la n te d  worms. 
However, the  c y s t i c e r c o i d - d e r i v e d  worms c o n t r i b u te d  a s u b s t a n t i a l  
we igh t  o f  s t r o b i l a  on days 12 and 15 p . i .  (22/5 and 57^ r e s p e c t i v e l y  
o f  the  t o t a l  b iomass),  and t h i s  may have c o n t r i b u te d  t o  the  e a r l i e r  
r e j e c t i o n  by t h i s  group*
d) Immunisat ion w i t h  d i f f e r i n g  s iz e s  o f  worms
I f  the  presence o f  la rge  amounts o f  s t r o b i l a  s t im u la t e s  
a f a s t e r  immune response than t h a t  invoked by a s m a l l e r  worm, i t  
is  p o s s ib le  t h a t  i n f e c t i o n  w i th  a l a r g e r  worm m igh t  s t im u la t e  a 
g r e a t e r  degree o f  r e s i s t a n c e  t o  r e i n f e c t i o n , -  To t e s t  t h i s ,  mice 
were in fe c te d  o r a l l y  w i th  a s i n g l e  c y s t i c e r c o i d ,  o r  s u r g i c a l l y  w i th  
a worm recovered from c o r t i s o n e - t r e a t e d  mouse donors in fe c te d  e i g h t  
days p r e v io u s l y :  a t h i r d  group remained u n in fe c te d ,  bu t  a l l  t h re e  
groups were sub jec ted  t o  s u rge ry  t o  a l low  f o r  any e f f e c t s  o f  t h i s  
p rocedure .  A l l  t h r e e  groups rece ived  a n t h e l m in t i c  on day 16 p . i . ;  
a l l  mice were cha l lenged  s u r g i c a l l y  f i v e  days l a t e r  and were k i l l e d  
s i x  days a f t e r  s u rg e ry .
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100% o f  the v/orms were recovered from the  na ive  c o n t r o l  
mice ( F ig ,  2 - 7 ) ,  a l though  the  two l i g h t e s t  worms may have been 
damaged a t  i n s e r t i o n  and subsequen t ly  regrown. The recovery  from 
mice immunised w i th  t r a n s p la n te d  worms o r  w i t h  c y s t i c e r c o i d s  was 
50% and 44% r e s p e c t i v e l y ,  I n d i c a t i n g  t h a t  both s e n s i t i s a t i o n  
p r o to c o l s  had s e n s i t i s e d  the  i n t e s t i n e  t o  a s i m i l a r  degree.  There was 
n e i t h e r  any s i g n i f i c a n t  d i f f e r e n c e  In the  we igh ts  o f  the  worms 
recovered from the  two immunised groups.
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F igu re  2-7
Dry w e ig h t  o f  H. d im inu ta  f rom CFLP mice on day 6 
o f  a s u r g i c a l  c h a l le n g e .
sham, mice exposed t o  su rge ry  21 days be fo re  
chai  lenge
c y s t ,  mice exposed t o  s u rge ry  and in f e c t e d  o r a l l y  
w i th  one c y s t i c e r c o i d  21 days be fo re  
chaI Ienge
surg ,  mice in f e c t e d  s u r g i c a l l y  w i th  one worm 
21 days be fo re  c ha l lenge  
A l l  mice rece ived  a n t h e l m in t i c  f i v e  days be fo re  
c h a l le n g e .  Each p o i n t  rep resen ts  the  t o t a l  w e igh t  
o f  worm t i s s u e  from a s i n g l e  mouse.
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2) I r r a d i a t i o n  o f  c y s t i c e r c o i d s
a) C a l i b r a t i o n  o f  the  r a d i a t i o n  dose
In a p r e l i m in a r y  expe r im en t ,  mice were i n fe c te d  w i th  f i v e  
c y s t i c e r c o i d s  which had been exposed t o  0, 25 o r  45 krad o f  
gamma r a d i a t i o n  f rom a source .  The mice were t r e a t e d  w i th
c o r t i s o n e ,  and were au tops ied  oh day 8 p . i ,  No worms were v i s i b l e  
in th e  washings from the  smal l  i n t e s t i n e s  o f  mice in fe c te d  w i th  
i r r a d i a t e d  c y s t i c e r c o i d s ,  and the  i n t e s t i n e s  were s l i t  open 
l o n g i t u d i n a l l y  and incubated in HBSS a t  37^C f o r  1-2 hours .  
Subsequent examinat ion  revea led the  presence o f  t i n y  l i v e  worms 
c o n s i s t i n g  o f  a s c o le x  w i t h  a stump o f  neck t i s s u e  (P la te  2 - 1 ) ,
The sco lex  appeared normal,  and the  worm g r o s s ly  resembled a 
des t rob i  la ted  worm,
in a subsequent expe r imen t ,  c y s t i c e r c o i d s  were exposed t o  
0, 10, 15 and 25 krad in an a t te m p t  t o  d i s c o v e r  the lower l i m i t  
o f  i r r a d i a t i o n  t h a t  would h a l t  growth o f  the  worm. Mice were 
in fe c te d  w i th  f i v e  c y s t i c e r c o i d s ,  t r e a te d  w i t h  c o r t i s o n e ,  and were 
k i l l e d  on day 10 p , i , ;  the  r e s u l t s  are shown in Tab le 2 -1 ,
Over 90% o f  the worms were recovered in a i l  t he  groups, 
i n d i c a t i n g  t h a t  up t o  25 krad had no e f f e c t  on the s u r v i v a l  o f  
the  worms, a t  l e a s t  up t o  day 10 p . i ,  10 krad had no i n h i b i t o r y  
e f f e c t  on growth,  b u t  15 krad lowered the t o t a l  w e igh t  a t t a i n e d  by 
the worms by about h a l f ,  i t  was noted t h a t  the s t u n t i n g  e f f e c t  o f  
15 krad was no t  un i fo rm ,  some worms be ing more s e v e re ly  a f f e c te d  
than o t h e r s .  A l l  bu t  one o f  th e  worms given 25 krad were o f  the  
s e v e re ly  s tun ted  type  descr ibed  in the  f i r s t  exper iment ,  bu t  
one worm grew t o  about  I cm long (0,1 mg). Because o f  t h i s  and
13
Tab le  2 - t
The e f f e c t  o f  ^^Co i r r a d i a t i o n  o f  c y s t i  ce rco i  ds on growth and 
s u r v i v a l  o f  H. d im inu ta  in mice.
krad Recovery (%)* Biomass /
f o u r  mice
0 100 67 .0  mg 4
10 100 99.4  mg 4
15 93 35 .6  mg 3
25 95 0.1 mg 4
inc ludes  worms o f  O.t  mg.
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subsequent r e s u l t s ,  35 krad was taken as being the  minimum dose 
t h a t  would e f f e c t i v e l y  cause complete suppress ion o f  g rowth.
Measurements o f  35 krad worms aged 14 days ( f rom c o r t i s o n e -  
t r e a te d  mice) and o f  20-hour  o ld  worms were taken a f t e r  f i x a t i o n .
These two types o f  worm are shown in P la tes  2-1 and 2-2 r e s p e c t i v e l y .  
The t o t a l  length  o f  each worm, the  sco lex  w id th  and the  median 
neck w id th  were recorded us ing  a X50 d i s s e c t i n g  microscope f i t t e d  
w i th  camera l u c id a ,  10 o f  each type  o f  worm were measured, and the 
r e s u l t s  are shown in Table  2 -2 ,
I t  is  no tab le  t h a t  s i g n i f i c a n t  enlargement o f  i r r a d i a t e d  
worms d id  occu r ,  bu t  a t  t h i s  leve l  o f  i r r a d i a t i o n  i t  i s  l i k e l y  
t h a t  t h i s  is  due t o  c e l l u l a r  en largement r a th e r  than c e l l  
m u l t i p l i c a t i o n  (see General D is c u s s io n ) ,
To t e s t  the  e f f e c t  o f  h e a v ie r  doses o f  r a d i a t i o n  on the  
a b i l i t y  o f  the c y s t i c e r c o i d s  t o  e x c y s t ,  c y s t i c e r c o i d s  exposed t o  
0, 50, 60 & 70 krad were excys ted  in v i t r o  as desc r ibed  In the 
M a te r i a l s  and Methods s e c t io n  o f  t h i s  Chapter,
The percen tage e x c y s t a t i o n  o f  c y s t i c e r c o i d s  in a l l  f o u r  
groups was very  s i m i l a r  (Table 2 - 3 ) ,  a l l  f i g u r e s  f a l l i n g  between 
67% and 85% e x c y s t a t i o n ;  the  v a r i a t i o n  in the r e s u l t s  t h a t  d id  
e x i s t  was a lmost  c e r t a i n l y  due t o  in e x p e r t  use o f  the  te c h n iq u e .  
I r r a d i a t i o n  o f  c y s t i c e r c o i d s  w i th  u d  t o  70 krad thus appears t o  
have no e f f e c t  on the a b i l i t y  t o  e x c y s t .
b) lo n g e v i t y  o f  H, d im inu ta  exposed t o  d i f f e r i n g  le v e ls  o f  i r r a d i a t i o n
In a smal l  p r e l i m in a r y  exper iment ,  c y s t i c e r c o i d s  exposed 
t o  35 o r  45 krad e s ta b l i s h e d  w e l l ,  bu t  no worms were recovered on
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P la te  2-1
14-day-o ld  worm a r i s i n g  f rom c y s t i c e r c o i d s  o f  
Ho d i minuta exposed t o  35 krad ^ - r a d i a t i o n  
f rom a ^^Co source;  worm from c o r t i s o n e -  
t r e a t e d  mouse,
(Fo r  d imensions, see Tab le  2-2)
P la te  2-2
2 0 - h o u r -o ld  H. d im lnu ta  f rom a mouse. 
Same s c a le  as P la te  2 -1 ;  f o r  d imensions,  




The dimensions o f  young and I r r a d i a t e d  H« d l minuta
Parameter • 20 -hour  worms i r r a d i a t e d  worms
Length (mm) 0 .29  -  0 .03  0.37 -  0 .07 *
Scolex w id th  (mm) 0 ,14  -  0.01 0 .20  -  0 ,0 2 * *
Neck w id th  (mm) 0 ,08  -  0.01 0 .15  -  0 ,0 4 * *
* ,  p<rO,OI;  * * ,  p-cO.OOl, s i g n i f i c a n t  d i f f e r e n c e  (S tuden t *s  t  t e s t )  
I r r a d i a t e d  worms 14 days o ld  a t  t im e  o f  measurement.
Tab le  2-3
The e f f e c t  o f  h igh  doses o f  ^^Co i r r a d i a t i o n  on the a b i l i t y  
o f  H, d im lnu ta  t o  e x c y s t  j_n v i t r o ,






day 14 p * i ,  f rom the mice, and t h e r e f o r e  a more e x te n s iv e  
exper iment  was c a r r i e d  o u t  t o  i n v e s t i g a t e  the lo n g e v i t y  o f  the
I
i r r a d i a t e d  worms more - ^u i l y ,  NIH mice were in fe c te d  w i t h  10 
c y s t i c e r c o i d s  exposed t o  0,  25,  35 & 45 krad,  t r e a t e d  w i t h  
c o r t i s o n e ,  and k i l l e d  on days 8,  13 & 16 p . i .
The n o n - i r r a d i a t e d  worms were always recovered in g r e a t e r  
numbers than the  i r r a d i a t e d  worms, bu t  t h i s  p robab ly  r e f l e c t s  the  
te c h n i c a l  d i f f i c u l t i e s  in v o lv e d  in the  recovery o f  smal l  worms. As 
can be seen from Tab le  2 -4 ,  th e re  was no. evidence f o r  loss o f  the  
i r r a d i a t e d  worms in the  course o f  the  exper iment ;  60-80% o f  the 
I r r a d i a t e d  worms were recovered,  compared w i th  83 -98o o f  the  
n o n - i r r a d i a t e d  worms,
c) Immunological  responses t o  I r r a d i a t e d  H, d im lnu ta
( i )  Pr imary course o f  i n f e c t i o n  w i th  i r r a d i a t e d  c y s t i c e r c o i d s
To determine whether  the  s tun ted  worms a r i s i n g  f rom 
i r r a d i a t e d  c y s t i c e r c o i d s  were r e je c t e d  im m uno log ica l l y  by mice, 
groups o f  s i x  CFLP mice were i n f e c t e d  w i th  f i v e  normal o r  
i r r a d i a t e d  (35 krad)  c y s t i c e r c o i d s , The mice were t r e a t e d  w i th  
c o r t i s o n e  o r  l e f t  u n t re a te d ,  as o u t l i n e d  in  Tab le  2 - 5 ,
Tab le 2-5
Group T reatment
A 5 cys ts
B 5 c y s ts  + c o r t i s o n e
C 5 i r r a d i a t e d  cys ts
D 5 i r r .  c y s t s  + c o r t i s o n e
Days o f  au topsy p , i ,  
6, 9,  12
9 21
6, 9,  I I ,  15, 21, 24 
9 21
36
Tab le  2 - 4
Recovery i%) o f  H, d im lnu ta  a f t e r  ^^Co I r r a d i a t i o n  o f  c y s t i c e r c o i d s ;
f
I n f e c t i o n  in c o r t i s o n e - t r e a t e d  mice, 
krad Days
8 13 16
0 9456 98^ 83%**
25 72% 80%* 60%*
35 64% 76% 66%
45 70% ND 80%"
A l l  r e s u l t s  based on 50 c y s t i c e r c o i d s ,  excep t  * ,  40 c y s t i c e r c o i d s
* * ,  30 "  "
+, 10 "  "
ND, no t  de termined
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R e je c t io n  o f  the  worms from n o n - i r r a d i a t e d  c y s t i c e r c o i d s  
f rom the  mice o f  group A was very  r a p id  ( F ig .  2 - 8 ) ;  o n ly  10% 
o f  these worms were recovered on day 9,  and r e j e c t i o n  was complete 
by day 12. A d m in i s t r a t i o n  o f  c o r t i s o n e  (group B) e f f e c t i v e l y  
prevented the  immune e x p u ls io n  o f  these  worms, 88% remain ing on 
days 9 and 21 p . i .  The i r r a d i a t e d  worms in the u n t rea ted  mice 
(group C) were a lso  l o s t  f rom the  mice,  b u t  more s lo w ly  than from 
group A; worm recovery  on day I I  was p robab ly  lower than i t  
shou ld  have been, p robab ly  f o r  t e c h n i c a l  reasons, bu t  40% o f  the 
worms were recovered on day 15, No i r r a d i a t e d  worms were recovered 
on day 21, and o n l y  one worm was recovered on day 24 p , i .  
A d m in i s t r a t i o n  o f  c o r t i s o n e  (group D) prevented loss o f  the 
i r r a d i a t e d  worms
Loss o f  i r r a d i a t e d  worms from the  i n t e s t i n e  o f  mice and 
ab rog a t ion  o f  t h i s  loss by a d m in i s t r a t i o n  o f  an immunosuppressant 
■ s t r o n g l y  suggests t h a t  these i r r a d i a t e d  worms are 
e x p e l le d  f rom mice by an immunological  mechanism. The subsequent 
exper iments  were designed t o  t e s t
a) whether  i r r a d i a t e d  c y s t i c e r c o i d s  were capable o f  induc ing  
immunological  memory t h a t  would g i v e  an e f f e c t i v e  secondary 
response t o  a cha l lenge  w i th  normal worms, and
b ) i f  immunogenic, whether  i n f e c t i o n s  w i th  i r r a d i a t e d  c y s t i c e r c o i d s  
were more, o r  less ,  immunogenic than normal c y s t  I c e r c o i d s ,
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Figu re  2-8
Recovery (%) o f  H, d im lnu ta  f rom CFLP mice,
O' o,  f i v e  normal c y s t i c e r c o i d s  day 0
e ------------- m, f i v e  normal c y s t s  + c o r t i s o n e
f i v e  i r r a d i a t e d  c y s ts  (35 krad) day 0
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( i i )  Immunisat ion o f  mice w i th  normal o r  i r r a d i a t e d  c y s t i c e r c o i d s
In the  f i r s t  expe r im en t ,  CFLP mice were I n fe c te d  w i th  
f i v e  normal o r  i r r a d i a t e d  c y s t i c e r c o i d s ,  o r  remained u n in fe c te d ,
25 days l a t e r ,  a l l  mice were cha l lenged  w i th  t h re e  normal 
c y s t i c e r c o i d s ,  and were au tops ied  on day 8 o f  the  c ha l le nge  
i n f e e t i o n ,
100^ o f  the cha l le nge  i n f e c t i o n  was recovered from the  
na ive  c o n t r o l  mice ( F ig ,  2 - 9 ) ,  b u t  on ly  6% o f  th e  worms were 
recovered as be ing  ove r  0,1 mg in the  mice immunised w i t h  the  
normal c y s t i c e r c o i d s , P r i o r  I n f e c t i o n  w i th  i r r a d i a t e d  c y s t i c e r c o i d s  
reduced recovery  o f  the  chai lenge i n f e c t i o n  t o  61%, The w e igh t  o f  
worms recovered from the  l a t t e r  group was a ls o  in te rm e d ia te  between 
the values f o r  the o t h e r  two groups,  al though the  t o t a l  biomass 
from s i x  mice (21 ,3  mg) was c lo s e r  t o  the  c o n t ro l  va lue  (36 ,7  mg) 
than t o  t h a t  o f  th e  norma l ly - lmmun ised  mice (0 ,3  mg).
In the  second expe r imen t ,  NIH mice were aga in i n f e c t e d  w i th  
f i v e  i r r a d i a t e d  o r  normal c y s t ! c e r c o i d s ,  o r  l e f t  u n in f e c te d .  A l l  
t h re e  groups were t r e a te d  w i t h  a n t h e l m in t i c  14 days l a t e r ,  and 
were cha l lenged  s u r g i c a l l y  21 days a f t e r  the  immunising i n f e c t i o n .  
Mice were k i l l e d  5 and 7 days p , i .
On day 5 p , i , ,  7 /8  o f  the  c o n t r o l  mice c a r r i e d  la rge worms 
( F ig ,  2 -1 0 ) ;  o n ly  one mouse o f  t h e  group immunised w i t h  normal 
c y s t i c e r c o i d s  c a r r i e d  a worm h e a v ie r  than a t  the  t im e  o f  
t r a n s p l a n t a t i o n ,  and a p a r t  f rom one 0,1 mg worm, a l l  t he  o t h e r  
mice had r e je c t e d  the  cha l le nge  i n f e c t i o n .  As in  th e  p rev ious  
expe r im en t ,  mice immunised w i th  i r r a d i a t e d  c y s t i c e r c o i d s  showed 
an in te rm e d ia te  leve l  o f  immuni ty;  63^ o f  the  worms were recovered,  
and the  t o t a l  biomass f o r  e i g h t  mice was 38,6  mg, compared w i th
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F igu re  2-9
Dry w e ig h t  and recovery  (.%) o f  H. d I minuta f rom 
CFLP mice cha l lenged  w i t h  th re e  c y s t i c e r c o i d s  and 
au tops ied  on day 8 p . i ,
A, p r e v io u s l y  u n in fe c te d  mice
B, mice I n fe c te d  w i t h  f i v e  i r r a d i a t e d  c y s t i c e r c o i d s  
25 days be fo re  c ha l le nge
C, mice in f e c t e d  w i t h  f i v e  normal c y s t i c e r c o i d s  
25 days b e fo re  c h a l le n g e ,
X, mean dry  w e ig h t  o f  worms pe r  mouse.
Each p o i n t  (o) rep resen ts  the  t o t a l  w e ig h t  o f  worm 
t i s s u e  from a s i n g le  mouse,
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F igu re  2-10
Dry w e igh t  o f  H, d im lnu ta  recovered from NIH mice 
cha l lenged  s u r g i c a l l y  and au tops ied  on days 7 and 
9 p . i .
A, p r e v io u s l y  u n in fe c te d  mice
B, mice i n f e c t e d  w i th  f i v e  i r r a d i a t e d  c y s t ! c e r c o i d s  
21 days b e fo re  c ha l le nge
C, mice in f e c t e d  w i th  f i v e  normal c y s t i c e r c o i d s  
21 days b e fo re  c h a l le n g e .
A l l  mice g iven a n t h e l m in t i c  seven days be fo re  
c h a l le n g e .  Each p o i n t  rep resen ts  the  t o t a l  w e igh t  
o f  worm t i s s u e  from a s i n g l e  mouse,
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138*9 mg and 9 ,3  mg in  the  c o n t r o l  and no rm a l ly  immunised groups 
r e s p e c t i v e l y .  On day 7 p . i , ,  6/8  worms remained in the  c o n t r o l  
mice, bu t  o n ly  one la rge worm and th re e  smal l worms were recovered 
from the i r r a d i a t e d  and normal immunised groups r e s p e c t i v e l y ;  
the  t o t a l  biomass f o r  e i g h t  mice was 263,9 mg, 33,6 mg and 3.9 mg 
re s p a c t i  v e l y .
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DISCUSSION
The ev idence presented In t h i s  c hap te r  s t r o n g l y  suggests 
t h a t  i t  i s  some p a r t  o f  the  s t r o b i l a  t h a t  p lays the  majo r  r o l e  in 
s t i m u l a t i n g  p r o t e c t i v e  immuni ty,  and t h a t  the s c o lex  p lays  no 
s p e c ia l  p a r t  in i n d u c t io n  on the  Immune response t o  H, d i mi n u t a ,
The major  p a r t  o f  the  ev idence f o r  t h i s  comes from the 
f i r s t  two exper iments  (F igs  2 -1 ,  2 - 2 ) ,  in which i t  was demonstrated 
t h a t  a la rge  t r a n s p la n te d  worm would be re je c te d  more q u i c k l y  
( w i t h i n  about  n ine  days) than a smal l  worm ( r e j e c t i o n  e s s e n t i a l l y  
complete by day 14 p . i , ) .  Both la rge  and smal l worms posess a s co lex ,  
so the  p o s s i b i l i t y  e x i s t s  t h a t  the  d i f f e r e n c e  In speed o f  r e j e c t i o n  
i s  due t o  the d i f f e r i n g  we igh ts  o f  s t r o b i l a  c a r r i e d  by the worms.
Whi le  I t  is  im poss ib le  t o  i n f e c t  a mouse w i th  a worm la ck ing  a 
s co lex  in o rd e r  t o  e l i m i n a t e  the s c o lex  as a v i t a l  source o f  the 
a n t ig e n ( s )  which s t im u la t e  an e f f e c t i v e  immune response, the 
remainder  o f  the  exper iments  presented in  t h i s  chap te r  suppor t  
( a l b e i t  less d i r e c t l y )  the c o n te n t io n  t h a t  the  s t r o b i l a  and neck 
o f  the  worm supp ly  the l a r g e r  p a r t  o f  the p r o t e c t i v e  a n t i  g e n (s ) .  
Assuming the  whole worm t o  be re s p o n s ib le  f o r  s t im u la t i o n  
o f  im u n i ty ,  i t  f o l l o w s  t h a t  a mouse Immunised w i th  a la rge  worm 
would be more r e s i s t a n t  t o  a c h a l le nge  i n f e c t i o n  than a mouse 
immunised w i th  a c y s t i c e r c o i d , In the  exper iment  designed t o  
t e s t  t h i s  ( F ig ,  2 -7 )  th e re  was no apoarent  d i f f e r e n c e  between the 
two immunised groups; however, as no a n t h e l m in t i c  was adm in is te red  
t o  t e rm in a te  the i n f e c t i o n s ,  the  c y s t i c e r c o i d  worms p robab ly  
p e r s i s t e d  in the  mice f o r  longer  than the  t r a n s o la n te d  worms.
I f  we take  the p o i n t  o f  50^ r e j e c t i o n  as be ing day 15 p . i ,  f o r  the  
s i n g l e  c y s t i  ce rco i  d I n f e c t i o n  (Hopki ns e t  a l . ,  19 7 ^ ;  Befus,  I975_a),
144
and day 8 p . i ,  f o r  a t r a n s p la n te d  worm (F igs 2 -1 ,  2 -2 )  , and make
the assumption t h a t  the  worms weighed 1,0 mg on day 8 f o r  the
c y s t i c e r c o i d  i n f e c t i o n  and day 0 f o r  the s u rg ic a l  i n f e c t i o n ,  assuming
f o r  s i m p l i c i t y  t h a t  a worm o f  t h i s  age doubles in w e igh t  every
24 hours ,  we can see t h a t  the t o t a l  value  o f  *mg days'  f o r  the
two groups is  a lmost  i d e n t i c a l ,  v i z ,  255 mg days. Thus, a l though
the the immunising worms were p robab ly  p resen t  in the  mice f o r
d i f f e r i n g  lengths o f  t im e ,  t o t a l  o u tp u t  o f  a n t ig e n ,  as assessed
by the  response to  a ch a l le n g e  i n f e c t i o n ,  was la r g e l y  i d e n t i c a l ,
aga in sugges t ing  a s t r o b i  l a -a s s o c ia te d  source o f  p r o t e c t i v e  a n t ig e n .
One major  c r i t i c i s m  o f  the exper iments c i t e d  thus f a r  is
t h a t  the  d i f f e r e n c e  in  speed o f  r e j e c t i o n  o f  la rge and smal l  worms
may be due t o  an a g e - r e la te d  d i f f e r e n c e  in the worms them,se Ives,
e i t h e r  because o f  seq u e n t ia l  appearance o f  an t igens  ( the  an t igen
s t i m u l a t i n g  an e f f e c t i v e  immune response on ly  appear ing  when the
worm reaches a c e r t a i n  age),  o r  because o f  a d i f f e r e n c e  in the
s u s c e p t i b i l i t y  t o  immune a t t a c k  o f  the  two ages o f  worm, o l d e r  
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worms be ing more ^ n s l t i v e  to  the  e f f e c t s  o f  the  immune response.
These arguments appear u n s a t i s f a c t o r y  f o r  a v a r i e t y  o f  
reasons, S i x - c y s t i c e r c o i d  i n f e c t i o n s  w i th  H, d !m inu ta  are r e je c t e d  
more r a p i d l y  than o n e - c y s t i c e r c o i d  i n f e c t i o n s  (Befus,  1975a), so 
in t h i s  case the younger  worms are e x p e l le d  e a r l i e r  than the  o l d e r  
s i n g l e  worms. Immunity t o  H, d im !nu ta  can a lso  a p p a re n t l y  be 
s t im u la t e d  by s h o r t - t e r m  ( th r e e  days) i n f e c t i o n  w i th  c y s t i c e r c o i d s  
(Befus ,  1975_b) ,  and thus the  p r o t e c t i v e  an t igens  must be p resen t  
in  im m uno log ica l l y  s i g n i f i c a n t  amounts by t h i s  t im e .  Serum 
a n t ib o d ie s  a r i s i n g  d u r in g  H, d im !nu ta  i n f e c t i o n  in the  mouse have 
a l s o  been shown t o  c r o s s - r e a c t  w i th  an t igens  p resen t  in c y s t i c e r c o i d s  
(Andreassen e t  a l , ,  1978_a), sugges t ing  t h a t  the  a n t ig ens  l i k e l y  t o
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be in vo lved  in the  s t i m u l a t i o n  o f  the  immune response are  p resen t  
f rom the  e a r l i e s t  stage o f  development in the  mouse.
Determ in ing the  s e n s i t i v i t y  o f  worms o f  d i f f e r i n g  ages t o  
the  immune response o f  the  mouse is  a more d i f f i c u l t  prob lem. I f  
the  s t r o b i l a  is  the  majo r  source o f  p r o t e c t i v e  a n t ig e n ,  r e j e c t i o n  
o f  o l d e r  worms Is f a s t e r  because o f  the  la r g e r  amount o f  s t r o b i l a  
p re s e n t ,  C h r i s t i e ,  V/akel in & Wilson (1979) found t h a t  H. d i mi nuta 
in the  r a t  was more s u s c e p t i b l e  t o  the  e f f e c t s  o f  in f lamm at ion  when 
younger,  o l d  worms being r e l a t i v e l y  r e s i s t a n t ;  t h i s  was a l s o  the  
conc lus ion  reached by Howard, C h r i s t i e ,  Wake I in ,  V/ i lson & Behnke
(1978) and Behnke, Bland & Wakel in (1977) f o r  H, microstoma and 
H. d im lnu ta  in the mouse.
The exper iments  in  t h i s  Chapter  t h a t  were designed t o  
i n v e s t i g a t e  the a g e - r e la te d  s e n s i t i v i t y  o f  H, d im lnu ta  met w i th  
l i t t l e  success. The exper iment  w i th  c u t  worms gave prom is ing  r e s u l t s ,  
which may be more s i g n i f i c a n t  than a t  f i r s t  appears;  as exp la ined  in 
the  Resu l ts  s e c t i o n ,  worms c u t  t o  a smal l  s i z e  (about  2 mm) may 
have s u b s t a n t i a l l y  reduced v i a b i l i t y ,  so i t  may be t h a t  c u t  worms 
were in f a c t  r e je c t e d  more s lo w ly  than uncut worms o f  the  same age.
An im p o r ta n t  c o n t r i b u t i o n  t o  the  s tudy  o f  the  r o le s  o f  
sco lex  and s t r o b i l a  in the  s t i m u l a t i o n  o f  the immune response was 
made w i th  the d i s c o v e ry  o f  s e v e re ly  s tun ted  worms produced by 
heavy (over  25 krad)  i r r a d i a t i o n  o f  c y s t i c e r c o i d s , One must assume 
t h a t  these t i n y  worms went unno t iced  by p rev ious  workers such as 
Vi I el  la e t  a l , ( I 9 6 0 ) ,  I r r a d i a t e d  worms always appeared t o  be 
h e a l t h y  and v i gourous I y moving when recovered,  even a t  day 21 p , l , ;  
w h i l e  I t  is  l i k e l y  t h a t  the  a b i l i t y  t o  undergo m i t o s i s  has been 
a b la ted  by the  r a d i a t i o n  damage, some en largement  o f  the  animal 
does take  p lace  (Table  2 - 2 ) ,  I t  t h e r e f o r e  appears l i k e l y  t h a t  the
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i r r a d i a t e d  worms are f u n c t i o n i n g  no rm a l ly  as regards feed ing  and 
d e t e c t i n g  l o c a t i o n  s ig n a l s  (ove r  90% o f  these worms were found in 
the  a n t e r i o r  h a l f  o f  the  smal l  i n t e s t i n e ) ,  and thus may be produc ing 
a n t i g e n i c  substances in  amounts comparable t o  the  s c o le x  and e a r l y  
neck reg ion  o f  a normal worm.
Using 35 krad as the  s tandard  dose ( the  lowest  dose t h a t  
caused severe s t u n t i n g  o f  a i l  o f  the  worms), f I v e - c y s t i c e r c o i d  
i n f e c t i o n s  w i th  i r r a d i a t e d  worms were no t  com p le te ly  r e je c t e d  u n t i l  
day 21 p , i . ,  very  much s lower  than in  the  c o n t r o l  ( n o n - i r r a d i a t e d )  
i n f e c t i o n .  F u r th e r  evidence t h a t  i r r a d i a t e d  c y s t i c e r c o i d s  g iv e  
r i s e  to  weakly immunogenic worms was ob ta ined  from exper iments  in 
which mice were immunised w i th  normal o r  i r r a d i a t e d  worms. Chal lenge 
w i t h  c y s t i c e r c o i d s  o r  a d u l t  ( s u r g i c a l l y  in t rodu ced )  worms revea led  
t h a t  s p e c i f i c  s e n s i t i s a t i o n  o f  the mice in fe c te d  w i th  i r r a d i a t e d  
c y s t i c e r c o i d s  had occu r red ,  bu t  was t o  an in te rm e d ia te  e x t e n t  between 
na ive  mice and no rm a l l y  immunised mice.  The weak response t o  i r r a d i a t e d  
H* d im lnu ta  by the  mouse c o n t r a s t s  s h a r p l y  w i th  the  work on 
Immunisat ion o f  mice w i th  Sch i stosoma ^mansonI, Inc reas ing  the  dose 
o f  i r r a d i a t i o n  g iven t o  sch is tosomuI  a up t o  20 krad s u b s t a n t i a l l y  
Increases the  a n t i g e n i c i t y  as assessed by re s is ta n c e  t o  a normal 
cha l lenge  i n f e c t i o n  ( B i c k l e ,  T a y l o r ,  Doenhoff  & Nelson, 1979^),  A 
s i m i l a r  e f f e c t  is  obse rvab le  w i th  the nemato.de Nematoso i ro i  des dub lus 
(Hagan, personal  communica t ion) ,  bu t  in both cases the inc rease in 
immunogen!ci ty may r e f l e c t  impaired m ig ra t io n  in the  t i s s u e  phases 
( B i c k l e ,  Dobinson & James, 1979b) ,  making the p a r a s i t e s  more 
a c c e s s ib le  t o  loca l  immunocytes, and thus s t i m u l a t i n g  an e f f e c t i v e  
r e s is ta n c e  t o  r e i n f e c t i o n ,  o p e ra t i n g  on the e a r l y  t i s s u e  s tages 
o f  development.
A l though s e c r e t i o n  a f  p r o t e c t i v e  an t igen  is  p robab ly
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l a r g e l y  a f u n c t i o n  o f  the  s t r o b i l a ,  . there is  p robab ly  a spectrum o f  
a c t i v i t y  In an t ig en  p ro d u c t io n  along the  length  o f  the  worm.
The e x t e r n a l l y  measurable m e ta b o l ic  a c t i v i t y  (uptake o f  m e ta b o l i t e s  
per  mg worm t i s s u e )  decreases along the  length o f  the  worm, the  
most a n t e r i o r  15-20 mg dry  w e ig h t  be ing most a c t i v e  in the  uptake 
o f  m e th ion ine  (Read, Rothman & Simmons, 1963) and g lucose 
(Henderson, 1977),
Tha t  an immune response is  mounted a g a in s t  i r r a d i a t e d  worms, 
and t h a t  memory a g a in s t  a normal cha l le nge  is  s t im u la t e d ,  i n d ic a te s  
t h a t  p r o t e c t i v e  an t igens  are produced by the sco lex  and neck, bu t  
the weak na tu re  o f  those responses f u r t h e r  con f i rm s  t h a t  the  sco lex  
Is no t  the major  source o f  p r o t e c t i v e  a n t ig e n .  The course o f  r e j e c t i o n  
o f  the  f i v e  i r r a d i a t e d  worms was ve ry  s i m i l a r  t o  t h a t  observed f o r  
i n f e c t i o n s  w i t h  a s i n g l e  c y s t i c e r c o i d  (Hopki ns e t  a l , ,  1972a;
Befus,  I975_a) and i t  would thus  appear t h a t  i r r a d i a t e d  worms are as 
much as one f i f t h  as Immunogenic as normal worms, and t h i s  again 
suppor ts  the idea t h a t  the  a n t e r i o r  p a r t  o f  the  worm is  most 
immunogenic, However, t o  ass ign  an a r i t h m e t i c  e s t im a te  o f  a n t i g e n i c i t y  
in t h i s  fash ion  is  p robab ly  na iv e ;  the  k i n e t i c s  o f  a n t i g e n i c i t y  
cou ld  be t e s te d  by comparing r e j e c t i o n  o f  a s i n g l e  worm p lus  f i v e  
i r r a d i a t e d  worms w i th  t h a t  o f  a two-worm i n f e c t i o n .
H ighe r  m e ta b o l i c  a c t i v i t y  in  the  a n t e r i o r  p a r t  o f  the  worm 
cou ld  a l s o  e x p la in  the  o b s e rv a t io n s  o f  Andreassen e t  a l , (1978a) ,  
who noted t h a t  I n f e c t i o n s  w i t h  f i v e  worms cou ld  be r e je c t e d  e a r l i e r  
than i n f e c t i o n s  w i th  two worms a t  a p o i n t  when the  w e igh t  o f  the  
worms in the  fo rmer  group is  less than t h a t  o f  the  l a t t e r .  These 
au tho rs  a t t r i b u t e d  t h i s  r e s u l t  t o  the  sco lex  be ing  the  source o f  
the  p r o t e c t i v e  a n t i g e n ( s ) ;  however,  the  r e s u l t  may r e f l e c t  the  
h ig h e r  a n t i g e n i c  a c t i v i t y  o f * t h e  a n t e r i o r  p a r t  o f  the  worm. I t  is
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a ls o  p o s s ib le  t h a t  In d u c t io n  o f  the  immune response depends on the 
s t i m u l a t i o n  p rov ided  by the  worm(s) on the  f i r s t  fev/ days o f  i n f e c t i o n ,  
and as crowding f a c t o r s  do no t  ope ra te  on the  f i r s t  few days o f  
i n f e c t i o n  w i t h  H, d im lnu ta  (Goodch i ld  & H a r r i s o n ,  1961), f i v e  worms 
would weigh p r o p o r t i o n a l l y  more than two worms a t  t h i s  s tage o f  
i n f e c t i o n ,
In s u p p o r t  o f  t h i s  l a t t e r  p o i n t ,  I found no d i f f e r e n c e  in 
the  r a te  o f  r e j e c t i o n  o f  s tun ted  and non-crowded worms ( F ig ,  2 - 4 ) ,  
and a l though  th e re  was a la rae d i f f e r e n c e  between the  dry  we igh ts  
o f  the  t r a n s p la n te d  worms (0 ,4  mg and 2,8  mg) the  s tu n te d  worms 
may no t  have been l i g h t  enough t o  cause s low er  r e j e c t i o n ,  A worm 
o f  0,4 mg may be capable o f  s t i m u l a t i n g  the  mouse t o  respond a t  
a lmost  f u l l  e f f i c i e n c y ,  so a d i f f e r e n c e  in  the speed o f  r e j e c t i o n  
may be apparent  between worms o f  0 ,4  and 0,04 mg, b u t  no t  between 
worms o f  4 ,0  and 0 ,4  mg.
What then o f  the n a tu re  o f  the  p r o t e c t i v e  an t igen?  I t  i s  
h i g h l y  u n l i k e l y  t h a t  the  p r o t e c t i v e  a n t i  gen(s) i s / a r e  t o  be found 
in  the i n t e r i o r  o f  th e  worm, as t h i s  is  n o rm a l l y  i n a c c e s s ib le  t o  
the  immune system. I t  seems much more l i k e l y  t h a t  the  tegument 
Is the  source,  e i t h e r  by e x o c y to s is  o f  p r o te in s  o r  by exposure o f  
t r a n s p o r t  locus p r o t e in s  o r  s t r u c t u r a l  g l y c o p r o t e in s  in the  
plasma membrane, Medium in which H, d im inu ta  has been incubated 
c on ta ins  p o te n t  i n a c t i v a t o r s  o f  t r y p s i n  and chymot ryps in  (Pappas 
& Read, 1972a, b ) .  An immune response d i r e c t e d  a g a in s t  t h i s  molecu le  
caus ing  i t s  removal o r  i n a c t i v a t i o n  would presumably open the 
s u r fa c e  o f  the  worm t o  enzymic a t t a c k ,  and the reby  cause r e j e c t i o n  
by f o r c i n g  the  worm t o  leave i t s  p r e f e r r e d  l o c a t i o n ,  and i t  has 
been repo r te d  t h a t  dead o r  dy ing  tapeworms are d ig e s te d  by the  hos t
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(Lumsden, 1975). A l t e r n a t i v e l y ,  f ragments o f  plasma membrane 
c a r r y i n g  t r a n s p o r t  o r  s t r u c t u r a l  g l y c o p r o t e in s  may c o n s t i t u t e  
p r o t e c t i v e  a n t ig e n .  S p e c i f i c  lo c i  e x i s t  f o r  f a c i l i t a t e d  t r a n s p o r t  
o f  a v a r i e t y  o f  m e ta b o l i t e s  such as amino a c id s ,  some sugars ,  a c e ta te ,  
p u r in e s ,  and p y r im id in e s  (rev iewed by Arme, 1976), Immune a t ta c k  
on the  worms cou ld ,  t h e r e f o r e ,  be mediated by loss o f  t r a n s p o r t  
f u n c t i o n ;  Bland (1976^) found t h a t  uptake o f  m e th ion ine  and ac e ta te  
( b u t  no t  g lucose)  was lower  in worms sub jec ted  t o  immunological  
a t t a c k .  Membrane g l y c o p r o t e in s  a re  c o n t in u o u s l y  sy n thes is ed ,  
in co rp o ra te d  i n t o  the  membrane and rep laced*  Th is  Is  a ve ry  ra p id  
process (Oaks & Lumsden, 1971), and i t  i s  p o s s ib le  t h a t  some 
r é u t i l i s a t i o n  o f  the  membrane occurs  (see Oaks, Knowles & Cain,  1977); 
these molecu les must be thrown o f f  c o n t in u o u s l y ,  and would c e r t a i n l y  
be de tec ted  as f o r e ig n  by the  mouse.
P roduc t ion  o f  a n t ib o d ie s  d i r e c t e d  a g a in s t  ant ienzymes o r  
membrane g l y c o p r o t e in s  seems the most l i k e l y  method o f  e f f e c t i n g  
worm d i s c o m f o r t , b u t  as d iscussed above (General I n t r o d u c t i o n ;
Chapter I )  i t  i s  u n l i k e l y  t h a t  a n t ib o d y  is  d i r e c t l y  in vo lved  in 
caus ing  s t u n t i n g  o r  e x p u ls io n  o f  H, d im in u t a . I t  i s  a l s o  u n l i k e l y  
t h a t  lymphokines would i n h i b i t  these molecules on a s p e c i f i c  bas is ,  
so the most l i k e l y  mechanism would be r e j e c t i o n  mediated by 
n o n - s p e c i f i c  f a c t o r s  produced by lymphoid o r  non- lymphoid  c e l l s ,  
under the c o n t r o l  o f  T c e l l s  which are s p e c i f i c a l l y  s e n s i t i s e d  t o  
membrane g l y c o p r o t e i n s .
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SUMMARY
I* The r e l a t i v e  r o le s  o f  the  s c o lex  and s t r o b i l a  o f  H. d im inu ta
în s t i m u l a t i n g  the  immune response o f  the  mouse were in v e s t i g a t e d  
by t r a n s p l a n t a t i o n  o f  worms w i t h  la rge  o r  smal l  we igh ts  o f  
s t r o b i l a .  I t  was found t h a t  la rge  worms are r e je c t e d  more 
q u i c k l y  than smal l  worms; i t  is  argued t h a t  t h i s  is  a s i z e -  
r e la t e d  d i f f e r e n c e ,  and no t  a g e - r e la te d  s e n s i t i v i t y  o f  the worms 
o r  a t imed appearance o f  p r o t e c t i v e  a n t ig e n ,
2,  ^ ^ C o - i r r a d ia t e d  c y s t i c e r c o i d s  were found t o  g i v e  r i s e  t o  
s e v e re ly  s tu n te d  worms in m ice .  The c a l i b r a t i o n  o f  the  r a d i a t i o n  
dose is  desc r ibed ;  35 krad was found t o  cause a lmost  complete 
s t u n t i n g  o f  a l l  o f  the  worms,
3,  A l though r e je c t e d  by an immunological  mechanism, i r r a d i a t e d  
c y s t i c e r c o i d  worms are shown t o  be p o o r l y  immunogenic; they  
are  r e je c t e d  very  s lo w ly  by mice, and s t im u la t e  poo re r  memory 
t o  r e i n f e c t i o n  than normal c y s t i c e r c o i d  worms,
4,  I t  i s  concluded t h a t  the  p r o t e c t i v e  a n t ig e n ( s )  a r i s e  f rom the  
tegument,  and t h a t  these are  produced in g r e a t e r  q u a n t i t y  per  
u n i t  w e ig h t  by th e  a n t e r i o r  end o f  the  worm. T h is  th e o ry  is 
shown t o  be a p o s s ib le  e x p la n a t i o n  o f  severa l  e s ta b l i s h e d  
ob s e rv a t io n s  on H. dimi nuta in  mice, and rou tes  o f  i n v e s t i g a t i o n  
f o r  v a c c in a t io n  s tu d ie s  are suggested,
5 ,  The na tu re  o f  the  p r o t e c t i v e  a n t ig e n ( s )  and the  immunological  
mechanisms t h a t  may be in v o lv e d  is  b r i e f l y  d iscussed .
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CHAPTER 3
NTERACTION OF HYMENOLEPIS DIMINUTA AND H. MICROSTOMA 
WITH TRICHINELLA SPIRALIS IN RATS AND MICE
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PREFACE
HymenoIepi s d im inu ta  and H, microstoma c r o s s - r e a c t  
im m uno log ica l ly  i n t h e  mouse such t h a t  a mouse immunised a g a in s t  
Ho microstoma is  r e s i s t a n t  t o  c h a l le nge  w i th  H. d im in u t a , and 
v i c e  versa t o  a c e r t a i n  e x t e n t  (Hopkins e t  a l . ,  1977), H, m ic ros toma, 
a t  l e a s t  a t  low le v e ls  o f  i n f e c t i o n ,  w i l l  p e r s i s t  in  the  mouse 
f o r  long pe r io ds  o f  t im e  (Hopki ns e t  a l . ,  1977),  Al though 
H. d im inu ta  is  r e je c te d  im m uno log ica l ly  by the mouse, even in  
s ing le -w orm  i n f e c t i o n s ,  t h i s  worm w i l l  s u r v i v e  a lmost  i n d e f i n i t e l y  
In the  r a t  ( e ,g ,  Chappell  & P ike ,  1976^, Jb) a t  low le v e ls  o f  
i n f e c t i o n ,  H, microstoma may remain u na f fec ted  by the  immune 
response o f  the  mouse because the  s c o le x  and neck are i n s id e  the  
b i l e  duc t  (Howard, 1977); H, d im inu ta  In the r a t  and mouse dw e l ls  
e x c l u s i v e l y  in  the  i n t e s t i n a l  lumen, and t h e r e fo r e  has no such 
'p r o t e c t e d  s i t e * .
One way o f  i n v e s t i g a t i n g  the  f a c to r s  which determine whether  
o r  no t  r e j e c t i o n  takes p lace  i s  t o  induce a r e a c t io n  t h a t  i s  
n o n - s p e c i f i c  in e f f e c t  by I n f e c t i o n  w i th  a com p le te ly  un re la te d  
p a r a s i t e ,  and then t o  s tudy  the  e f f e c t s  o f  t h i s  r e a c t i o n  on 
hymenolepids t h a t  e i t h e r  are  o r  are  no t  no rm a l ly  r e je c t e d  by 
the  hos t  a n im a l ,
Study o f  h o s t - p a r a s i t e  r e l a t i o n s h i p s  o f  HymenoIepis us ing 
t h i s  method o f  n o n - s p e c i f i c  ( i , e ,  no t  i n v o l v i n g  immunological  
c r o s s - r e a c t i o n )  i n t e r a c t i o n  was i n i t i a t e d  by Behnke, Bla’nd &
Wakel in (1977),  who monito red  th e  e f f e c t  o f  the  e x p u ls io n  phase 
o f  the  nematode T r i c h i n e  I la s p i r a l i s  on the growth and s u r v i v a l  
o f  H. d im inu ta  in  mice. They found t h a t  the In f lammatory  r e j e c t i o n  
phase o f  T . s p i r a l i s  i n f e c t i o n  ( i . e ,  days 4-19 o f  th e  i n f e c t i o n )
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adve rse ly  a f f e c te d  H, d im inu ta  c o n c u r r e n t l y  p resen t  In the  smal l 
i n t e s t i n e ,  such t h a t  the cestode e i t h e r  f a i l e d  t o  e s t a b l i s h  o r  
t o  grow, and was p rem a tu re ly  expel  led;  the  recovery  o f  H, d im inu ta  
was lowest when the c y s t i c e r c o i d s  were adm in is te red  on day 7 o f  
a p r im ary  i n f e c t i o n  w i t h  T,  s p i r a l i s . Using the more p re c is e  
t im in g  o f  the  onse t  o f  in f lam m at ion  in  a secondary i n f e c t i o n  w i th  
T,  s p i r a l i s , these au thors  con f i rm ed t h a t  the  response a g a in s t  the  
nematode caused d e s t r o b i I a t i o n  o f  the ces tode,  i n f e c t i o n  w i t h  one 
o f  the  p a r a s i t e s  d id  no t  immunise the  mouse a g a in s t  I n f e c t i o n  w i th  
the  o t h e r ,  nor  was th e re  ev idence f o r  d i r e c t  in te r -w o rm  c o m p e t i t i o n  
o r  i n t e r a c t i o n .  Whi le  H, d i ni nuta does no t  s t im u la t e  a g r o s s ly  
v i s i b l e  in f lamm atory  response in  the  smal l i n t e s t i n e  o f  the  mouse, 
a f a c t o r  produced by the  mouse in response t o  T.  s p i r a l i s  caused 
damage t o  and e x p u ls io n  o f  the  cestode in  a manner ve ry  s i m i l a r  t o  
t h a t  no rm a l l y  observed in r e j e c t i o n  o f  H, d im inu ta  by mice.
I t  was thus  o f  g r e a t  i n t e r e s t  t o  s tudy  the  e f f e c t  o f  the 
in f lammatory  response t o  T,  s p i r a l i s  on cestodes t h a t  are no t  
n o rm a l l y  r e je c te d  by t h e i r  hos ts ,  namely H, microstoma in the mouse 
and H. d im inu ta  in  the r a t .
The work presen ted here f a l l s  i n t o  th re e  p a r t s ;  p a r t s  a) 
and b) are con ta ined  in the  f o l l o w i n g  tv/o papers reproduced from 
Parasi  t o  logy.
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Parasitology (1978), 77, 273-279 (9 7 3 )
a) The effect of concurrent infection w ith Trichinella spiralis on 
Hymenolepis microstoma in m ice
R. J, H O W A R D , P. P . C H R I S T I E , D .  W A K E  D IX ,
M. M . W IL S O N  and J . M. B E H X K E t
Wellcome Laboratories for Experimental Parasitology,
University of Glasgow, Bearsden Road, Bearsden,' Glasgow, G'61 iQ H
{Received 20 March 1978)
S T J M M A H Y
The in tes tina l changes b ro u g lit about by  re jection o f Trichinella 
spiralis from  mice were studied in  re la tion  to  th e ir  effects on a con­
curren t in fection  w ith  Hymenolepis microstoma, a cestode no t no rm a lly  
rejected from  mice. The re jection jdiase o f T. spiralis was associated 
w ith  a m arked s tun ting  o f g row th  o f H . microstoma g iven jus t before, 
during, or ju s t a fte r re jection o f the nematode. The su rv iva l o f H ,  
microstoma was affected on ly  when re jection  o f T. sgjiralis coincided w ith  
the in tes tina l phase o f the cestode: i f  T. spiralis re jection was tim ed  to 
occur a fte r the scolex o f the cestode had entered the bile duct there was 
no loss o f H . microstoma. I t  is suggested th a t the adverse effects on grow th  
and establishment o f H . microstoma were due to  the non-specific in flam - 
m a to ry  component o f the host’s response to  in fection  w ith  T . spiralis.
I N T R O D U C T I O N
The expulsion o f Eippostrongylus brasiliensis from  rats has been reported to  
require  no t on ly  an an tibody  response and a specific ce llu lar element b u t also a 
non-specific element derived from  bone m arrow  (Dineen & K e lly , 1973). A fte r  
revie-wing the im m une mechanisms o f various nematode infections, Ogilvie (1974) 
suggested th a t ‘ w hatever the exact sequence o f im m unologica l events w h ich 
trigge r expulsion (o f nematodes) i t  is p robab ly  caused by  the release o f some non­
specific e ffecto r’ .
B ruce & W ake lin  (1977) showed th a t the expulsion o f Trichinella spiralis from  
mice resulted in  the non-specific expulsion o f a concuiTent Trichuris nmris 
in fection  and th a t th is  effect was reduced b y  the adm h iis tra tion  o f the a n ti­
inflammatory^ d i’ug indom ethacin. A  s im ila r non-specific re jection  o f Hymenolepis 
diminuta from  mice is associated w ith  the re jection o f a concurrent T . spiralis 
in fec tion  and i t  was suggested th a t th is  was a ttr ib u ta b le  to  the in flam m ation  in  
the  intestine in itia te d  by  the la tte r  parasite (Behnke, B land  & W akelin , 1977). 
These observations on interspecific in teractions were extended h i the present
*  R e p r in t  requests to  P . R . C lir is tie .
t  P resent address : D e p a rtm e n t o f  Z oo logy, U n iv e rs ity  o f  N o tt in g h a m , U n iv e re ity  P a rk
N o tt in g h a m , N G 7 2R D ,
1 9 -2
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report by  determ in ing the effect o f a T . spiralis in fection  upon a concurrent H .  
microstoma m fection. In  contrast to  a ll the above parasites, H . microsiotna is n o t 
no rm a lly  rejected from  mice (Moss, 1971; H oward, 1977), a lthough a secondary 
in fection  grows more slow ly than  a p rim a ry  in fection (Tan & Jones, 1967, 1968; 
H ow ard, 1976). The w ork  presented in  th is  paper was in itia te d  to  establish 
w hether or no t H . microstoma is susceptible to  re jection processes, u tiliz in g  the 
severe host response to  T . spiralis in fection.
M A T E R I A L S  A N D  M E T H O D S
H elm in th -free  male and female X IH  (Anglia Labo ra to ry  Anim als) mice were 
used in  Experim ents 1 and 2 respectively, male C3H (B au tin  and K ingm an  
L im ite d , Y orkshhe) mice were used in  Experim ent 3, and out bred male C FLP  
(bred a t the  W ellcome Laboratories) mice were used in  E xperim en t I .  A l l  mice 
received food and w ater ad lihitiun.
The in fection  and autopsy procedures have been described previously fo r H .  
microstoma (Howard, 1976, 1977) and T. spiralis (W akelin  & L loyd , 1976a). 
B rie fly , mice received cysticercoids o f the cestode b y  stomach tube w h ils t under 
l ig h t ether anaesthesia. The cestodes were recovered by  s litt in g  open the b ile  duct 
and sm all in testine  and incubatm g these tissues a t 37 °C fo r 1-2 h. In fec tive  
larvae o f T. spiralis were recovered from  rats or mice b y  digestion o f the animals 
in  acid pepsin fo r 2 h a t 37 °C. These larvae were suspended in  0-2 %  agar and 
the mice were infected vd th  500 (Exps 1 and 3) or 350 (Exps 2 and 4) larvae by  
ora l m oculation in to  the stomach w ith  a syringe and b lun ted  cannula. The a du lt 
nematodes were recovered b y  a modified Baerm aim  technique.
The d iy  weights and numbers o f cestodes recorded from  d iffe rent groups o f 
m ice were compared using the W ilcoxon rank sum test (Rem ington & Schork, 
1970).
X IH  mice re ject T . spiralis s ta rting  on day 8 o f in fection  and re jection  is com­
plete by  day 11-5 (W akelin  & L loyd , 1976a); C3H and C FLP  mice are slower in  
re jecting  T . spiralis, b u t m a jor w orm  loss generally occurs between days 10 and 
12, re jection  being complete b y  day 18 (W akelin, unpublished observations).
R E S U L T S
The effect of a T . spiralis infection on the growth and suiwival 
of a pre-existing H . m icrostom a infection
Investiga tion  o f the effect o f T. spiralis in fection  on a pre-existing H . micro­
stoma in fection  began w ith  experim ents (Exps 1 and 2) in  w h ich groups o f mice 
were infected w ith  e ither 5 cysticercoids o f H . microstoma, or H . microstoma and 
T . spiralis 5 days la ter, or T . spiralis only. These groups were infected and k ille d  
as sho^vn in  Table 1, and the results are given in  Table 2.
The estabhshment and re jection  o f the nematode were apparen tly  n o t affected 
b y  concurrent m fection w ith  the cestode (Group B ). S im ila rly , the su rv iva l o f the 
cestode was n o t affected b y  the  nematode (Groups B , E , H  and K ). However,
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Table 1. The effect o /T r ic h in e lla  sphalis infectio-n on a pre-established 
Hym enolepis m icrostom a infection: experimental design
(L e tte rs  iin parentheses are g roup  designations.)
G roup * 
E x p e rim e n t 1
D a y
0 5 9 16
H m  o n ly  
H m  + T s p  




K t  (A ) K  (D) 
K  (B ) K  (E ) 
'K  (C) K  (F)
D a y
_A_
E x p e rim e n t 2
H m  on ly  
H in  +  Tsp 





K ( L )
17
K ( G )
K ( H )
K ( I )
35
K ( J )
K { K )
* H m , in fe c ted  w ith  5 cystice rco ids  o f  H . microstoma', T sp, in fe c ted  w ith  500 (E xp . 1) 
o r 360 (E xp . 2) la rvae  o f  T . sp ira lis . 
t  K ,  da y  o f  au topsy.
Table 2. The effect of T rich ine lla  spiralis infection on a pre-established 
Hym enolepis m icrostom a infectio-n: results
(E x p e r im e n ta l m ice rece ived 5 cysticerco ids o f  H . m icrostoma  on d a y  0 
fo llo w e d  b y  T . s p ira lis  in fe c tio n  on da y  5.)
M ean d ry  
w e igh t o f
D a y  o f M ean Tsp M ean H m H m /m o u s e N o . c
G roup * au topsy recove ry recovery (m g) mice
E x p e rim e n t 1 
A . H m  o n ly 9 5 0 6-95 10
B . H m  +  Tsp 9 — 4 1 6-34 10
9 196-8 --- — 6
C. Tsp o n ly 9 170-8 — —■ — 5
D . H m  o n ly 16 — 4-6 95-18 9
E . H m  4- Tsp 16 — 4-7 59 -75 t 9
16 0-4 5
F , Tsp o n ly 16 2-2 -- — 5
E x p e rim e n t 2 
G. H m  o n ly 17 4-9 79-87 7
H . H m  +  Tsp 17 — 4-9 65-81 t 7
I .  Tsp o n ly 17 0-0 — — 5
J . H m  o n ly 35 — 5-0 94-64 7
K .  H m + T s p 35 — 4-9 81-99. 7
L .  Tsp o n ly 13 163-2 — — 5
* H m , H , m icrostoina  ; Tsp, T . sp ira lis . 
t  S ig n ifica n t d iffe rence [P  <  0 01).
I-
1 5 7
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H . microstoma, recovered from  dual-infected mice were lig h te r than  those from  
contro l mice, b u t the difference was s ign ificant on ly in  mice k illed  im m edia te ly  
a fte r re jection  o f the nematode had commenced (Groups E  and H  Id lied 11 and 
12 days a fte r in fec tion  w ith  T. sjDiraUs respectively). The weight o f worms recovered 
from  the dual-m fected mice 30 days after T. spiralis, in fection  (Group K )  was 
low er than  th a t fro m  contro l mice b u t not s ign ifican tly  so, m dicating  th a t the 
s tun tm g o f the cestode was n o t permanent.
The establishment and growth o /H .  m icrostoma given before, during, 
and after the rejection phase of T . spiralis
The results o f the  previous experiments showed th a t the grow th, b u t n o t the 
su rv iva l, o f I I .  microstoma was affected during the exj)ulsion o f T. spiralis. The 
cestode m ay n o t have been lost during  the re jection phase o f T. spiralis because
(1) the  scolex o f I I .  microstoma is com pletely resistant to  the changes in  the gut- 
associated w ith  re jection  o f the nematode, or (2) the scolex was protected from  
contact w ith  these in tes tina l changes by being inside the bile duct.
In  an a tte m p t to  c la rify  th is  s itua tion , an experim ent (Exp. 3) was designed in  
w h ich 4 groups o f T .  ^j^/mh's-infected mice were challenged w ith  H . microstoma 
a t various tim es so th a t (1) the scolex o f the cestode was inside the b ile duct 
(3-4  days a fte r in fection) before expulsion o f the nematode had begun (Group B),
(2) the cestode was m ig ra ting  in the intestine durm g the early pa rt o f the expulsion 
phase o f the  nematode (Group D ), (3) as (2), b u t during  the la tte r p a rt o f the 
expulsion phase (Group F ) and (4) the cestode was establishing a fte r the nematode 
had been expelled (Group H ).
The scope o f th is  experim ent was extended in  E xp. 4 by  in fecting  a group o f 
mice w ith  I I .  microstoma before in fecting  w ith  T. spiralis, so th a t the cestode had 
on ly  experienced the pre-re jection phase o f T. spiralis a t autopsy (Group J ) ; 
and b y  in fecting  another group as fo r (4) above, b u t la ter, a fte r expulsion o f the 
nematode. A ll mice were autopsied 10 days a fte r m fection  w ith  H . microstoma 
and the design and results o f Exps 3 and 4 are summarized in  Table 3.
In  mice infected w ith  H . microstoma 3 days before g iv ing  T. spiralis (Groups I  
and J ) there was a s im ila r num ber o f cestodes recovered from  dual-m fected and 
con tro l mice and there was no loss o f weight h i the  cestodes recovered from  the 
dual-infected group; in  fact, the average w eight was s lig h tly  higher than  th a t 
from  the contro l group.
In  mice infected w ith  H . microstoma 1 day a fte r in fec tion  w ith  T. spiralis 
(Groups A  and B ) there was a s im ila r num ber o f cestodes recovered from  bo th  
groups, b u t the w eight o f the cestodes from  the dual-infected group was s ign ifi­
can tly  lower than  th a t from  contro l mice.
In  mice infected w ith  H . microstoma 8 or 12 days a fte r T . spiralis (Groups C -D , 
E - F  and K - L )  s ign ifican tly  fewer cestodes were recovered from  the dual-infected 
mice than  from  contro l mice and these worms were s ign ifican tly  lig h te r than  those 
from  contro l mice (the differences between Groups F  and L  m ay be a ttr ib u ta b le  
to  the use o f d iffe ren t strains o f mice a n d /o r d iffe ren t numbers o f T . spiralis 
adm inistered).
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Table 3. The effect of varying the titne of Hymenolepis m icrostom a 
infection with respect to T rich ine lla  spiralis infection
(T . s p ira lis  (Tsp) g iven on da y  0 ; m ice Id lle d  10 days a fte r  H . rnicrostoma (H m ) in fe c tio n ).
D a y
in fe c ted iMean H m
!Mean d ry  
■weight o f  
H m /m o u s e N o. o f
G roup Tftfith H m recovery (™g) m ice
E x p e rim e n t 3
A . H m 1 4-0 6-61 7
B . H m  +  Tsp 1 3-9 1-63* 7
C. H m 8 4-1 5-38 8
D . H m  +  Tsp 8 0-6* 0-01* 8
E . H m 12 4-5 6-78 8
F . H m  +  Tsp 12 0-8* O i l * 8
G. H m 21 4-4 0-93 7
H . H m  +  Tsp 21 3-4 l-5 6 t 7
E x p e r im e n t 4
I .  H m - 3 4-1 6-57 9
J .  H m  +  Tsp - 3 4-5 7-57 8
K .  H m +  12 4-7 6-39 9
L . H m  +  Tsp +  12 2 6* + 2 0 * 8
M . H m +  29 4-7 4 03 9
N . H m  +  Tsp +  29 4-4 3-82 9
* S ig n ifican t d iffe rence [P  <  0 01). 
t  S ig n ifican t d iffe rence (0-02 > P  >  0-01).
In  mice infected w ith  H . microstoma 21 or 29 days a fte r gi\dng T. spiralis 
(Groups G -H  and M -X ), the  recoveries from  the dual-infected groups were no t 
s ign ifican tly  lower than  from  controls. Cestodes recovered from  the group given 
T. spiralis 21 days before in fection  w ith  H . ^nicrostoma were s ign ifican tly  lig h te r 
than  controls, b u t no s ign ificant difference in  weight was evident in  the group 
given H . microstoma 29 days a fte r in fection  w ith  T. spiralis.
D I S C U S S I O N
The results o f the experiments presented in  th is  paper suggest th a t the effect 
o f concurrent in fection  w ith  T. spiralis on su rv iva l and g row th  o f H . microstoma 
depends g rea tly  on the re la tive  tim m g o f the infections. In  mice infected w ith  
H . microstoma before T. spiralis and autopsied before re jection o f the nematode 
had commenced, there was no sign ificant effect on the w eight o f the cestode, 
ind ica ting  th a t the pre-re jection phase o f T . spiralis had no ha rm fu l effects on 
the  cestode.
However, H . microstoma w h ich  had been exposed to  the re jection  phase o f T .  
spiralis were always ligh te r than  those from  contro l mice, and th is  deleterious 
effect on the cestode appeared to  persist u n t i l  at least 21 days a fte r in fection  w ith  
the  nematode. There was no significant difference between the weights o f H . 
microstoma recovered from  dual-h ifected mice and those from  contro l mice when
59
278 R.  J .  H O W A R D  A N D  O T H E R S
in fec tion  w ith  the cestode took  place 29 days a fte r in fection  w ith  T . spiralis, 
ind ica ting  th a t th is  effect is u n like ly  to  he due to  an im m unolog ica lly  specific 
cross-reaction. S tun ting  o f H . microstoma exposed to  the re jection phase o f T.  
spiralis was severe, b u t apparen tly  no t perm anent; there was no sign ificant 
difference between the weights o f worms recovered from  mice infected w ith  H .  
microstoma on ly  and those infected w ith  J/. microstoma 30 days afte r m fection  w ith  
T . spiralis (Table 2, E xp . 2, Groups J  and K ).
R e jection  o f T. sjoiralis from  the mouse appears to  invo lve  bo th  specific hum oral 
and cell-mediated responses (Love, O gilv ie & M cLaren, 1976; W ake lin  & L loyd , 
19766), b u t the  fina l effector mechanism m ay w ell be a non-specifically acting 
in flam m ation  o f the in testine  (Larsh, 1967 ; Larsh & Race, 1975). As there appears 
to  be no d irect cross-im m unity between H . microstoma and T. spiralis, i t  is appar­
e n tly  the non-specific in flam m ato ry  component th a t is responsible fo r the ob­
served effects on su rv iva l and g row th  o f l i .  microstoma. However, mice reduce 
th e n  food consum ption during re jection o f T. spiralis (Larsh, Goulson & Van 
Zandt, 1962; Goulson & Larsh, 1964) and i t  is w ell know n th a t reduced in take  o f 
carbohydi'ates m ay re ta rd  the g row th  o f hymenolepids (Read & R othm an, 1957a). 
The reduction in  grow th o f H . microstoma may, therefore, have been at least 
p a r t ia lly  due to  the altered d ie ta ry  in take  o f the mouse, a lthough i t  is also con­
ceivable th a t a reduced in take  m ig h t be offset by  the m alabsorption o f nu trien ts  
associated w ith  T. spiralis in fection  (Castro, Olson & Baker, 1907). However, i t  is 
u n like ly  th a t altered in take  w ou ld  m arked ly affect the in it ia l establishm ent o f 
the  worms (Read & R othm an, 19576); the s ign ificant reduction  in  numbers o f 
H . microstoma recovered th a t d id  occur in  some groups was probab ly, therefore, 
caused b y  the in flam m ation  associated w ith  the re jection  o f T . spiralis. The role 
o f in flam m ation  in  re ta rd ing  g row th  o f the cestode is less clear.
In  secondary infections o f H . microstoma in  mice, worm  grow th  is retarded b y  
the  host response during  the firs t 4 days o f in fection ; a fte r entermg the b ile duct, 
g row th  resumes a t a s im ila r ra te  to  th a t in  p rim a ry  m fections (Howard, 1977). 
Th is resembles the s itua tion  described in  the present paper in  which, fo llow ing  
establishm ent o f the scolex o f H . microstoma in  the b ile  duct, the w orm  was no t 
su ffic ien tly  affected by  in f lam m ation fo r loss to  occur : i t  m ay be th a t changes in  
the in testine d u iin g  in flam m ation  do no t extend in to  the b ile duct. I t  is also 
possible th a t the scolex its e lf changes after en try  in to  the b ile duct and becomes 
resistant to  m flam m ato ry  products; the in flam m ation  o f the peribU iary tissues 
w hich is in itia te d  b y  the cestode itse lf does n o t appear to  affect its  su rv iva l 
(Lumsden & K a rin , 1970), b u t the components in  th is  in flam m ation  m ay d iffe r 
considerably from  T. spiralis-induced in tes tina l m flam m ato ry  products.
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b) The effect of the expulsion phase of Trichinella spiralis on  
Hymenolepis d im inuta  infection in rats
P, R . C H R IS T IE ,  D .  W A K E L I N  and M. M . W IL S O N
Wellcome Laboratories for Experimental Parasitology,
University of Glasgow, Bearsden Pood, Bearsden,
Glasgow, G51 IQ H
{Peceived 3 A^igust 1978)
S U M M A H Y
The effect o f the  in tes tina l changes b rough t about b y  the  expulsion o f 
Trichinella spiralis in  ra ts was studied in  re la tion  to  the g row th  and 
sm’v iv a l o f a concurrent in fec tion  w ith  Hymenolepis diminuta, a cestode 
n o t no rm a lly  rejected b y  the  ra t  in  low-level infections. G row th  o f 
H , diminuta was stunted in  ra ts given T . spiralis ju s t before, or after, 
in fec tion  w ith  H . diminuta, the  s tun ting  being more pronounced when the 
cestode was given closer to  the period o f in flam m ation. There was no loss 
o f the cestode from  dual-infected ra ts and no evidence fo r destrob ila tion  
was found. Low er T. spiralis burdens had a correspondingly weaker 
effect on g row th  o f H . diminuta, and s tim tin g  was abolished by  adm in i­
s tra tion  o f the an ti- in fla m m a to ry  drug cortisone acetate. I t  is concluded 
th a t the s tun ting  o f H . dimiimta is p robab ly  due to  the non-speciflc 
in flam m ato ry  com ponent o f the  r a t ’s response to  T, spiralis in fection .
I N T R O D U C T I O N
Hymenolepis diminuta in  the  ra t  was regarded as being non-im m unogenic 
(Hejmeman, 1962): recent studies have shown th a t there is a specific serum a n ti­
body response to  w orm  antigens (H arris  & T u rton , 1973), b u t there is no evidence 
th a t the  antigens responded to  are in  any w ay invo lved  in  a p ro tective  response. 
In  low-level in fections ( <  15 worms, depending on the s tra in  o f ra t) H . diminuta 
w il l apparen tly  survive in d e fin ite ly  (Read, 1967), b u t there is a gradual and in ­
complete loss o f worms fr om heavier in fections (Roberts & Mong, 1968 ; Andreassen, 
H indsbo & Hesselberg, 1974; Hesselberg & Andreassen, 1975; Chappell & Pike, 
1976a, b). There is some controversy over the cause o f th is  loss o f worm s; some 
workers consider i t  to  be im m uno log ica lly  m ediated (Andreassen et al. 1974) 
whereas others consider th a t i t  m ay be due to  some fo rm  o f in te r-w o rm  com petition  
(Roberts & Mong, 1968).
I f  i t  be assumed th a t the  re jection  o f H . dimimda from  the ra t  is im m uno log i­
ca lly  mediated, then the  nature  o f the effector mechanism remains obscure. I t  is 
becoming clear th a t, in  m any cases, re jection  o f helm inths from  the m am m alian 
in testine  is the resu lt o f in flam m ato ry  reactions th a t are non-specific in  effect, 
a lb e it m ediated th rough  specific im m unolog ica l mechanisms (Larsh & Race, 
1975; Dineen, Gregg, W indon, D ona ld  & K e lly , 1977), Trichinella spiralis e lic its
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a severe in fla m m a to ry  response in  mice and rats (Larsh, 1963): in  the  mouse, 
in tes tina l in flam m ation  in it ia te d  b y  T , spiralis has been shown to  be effective 
in  causing concom itant (i.e. early) re jection o f Trichuris muris (Bruce & W akelin , 
1977), H . diminuta (Behnke, B land  & W ake lin , 1977), and H . microstoma (Howard, 
Christie, W akehn, W ilson  &  Behnke, 1978). I t  was, therefore, o f in terest to  in ­
vestigate the effect o f in flam m ation  induced b y  T. spiralis in  the ra t in testine  on 
the  g row th  and su rv iva l o f H . diminuta.
M A T E R I A L S  A N D  M E T H O D S
Pats
M ale and female C F IIB  ra ts (Ang lia  Labo ra to ry  ‘ Anim als) were in fected at 
8-10 weeks o f age. B a ts  were housed under conventional conditions w ith  food 
(R a t and Mouse Breeding D ie t -  G rain Harvesters L td )  and w ater available ad 
libitum. A  m in im um  o f 6 ra ts was used/group.
Parasites
The R ice s tra in  o f H . diminuta was used tliroughou t. Maintenance o f the 
parasite and recovery o f cysticercoids has been described elsewhere (Hopkins, 
Subram anian & S ta lla rd , 1972). Rats were infected "with 3 cysticercoids each and 
worms were recovered by  flushing ou t the in testine  w ith  balanced sa lt so lution. 
Using th is  teclm ique, worm s larger than  1 cm long (>  OT mg d ry  weight) were 
easily recovered and the chy weights o f worm  bindens from  in d iv id u a l ra ts were 
recorded. In  the firs t experim ents described in  th is  paper (F ig. 1), a category (‘ n o t 
recovered’) is inc luded fo r worms weighing less than  OT m g: tins  im plies th a t 
a lthough the worms m ay have been present, the  teclm ique was n o t adequate to  
recover them .
The s tra in  o f T . spiralis and the methods used fo r in fec tion  and recovery have 
been described elsewhere (W ake lin  &  L lo yd , 1976).
Cortisone
Cortisone acetate (‘ C o rtis ta b ’, Boots) was adm inistered b y  subcutaneous in ­
jec tion  a t a dose o f 15 mg every 2nd day. Cortisone-treated and re levant con tro l 
ra ts  were g iven oxyte tracychne H C l (Terram ycin, P fizer L td )  in  th e ir  d rin k in g  
w a te r a t a concentration o f 165 mg/1.
E X P E R I M E N T A L  D E S I G N  A N D  R E S U L T S
Course of T . spirahs hifections
The fo llow ing  parameters o f T . spiralis in fections in  C FH B rats were established 
du ring  the course o f the w ork. A b o u t 50%  o f the larvae adm inistered became 
estabhshed as m ature worms. In  a p rim a ry  in fection  w orm  burdens are stable fo r 
approx im ate ly  8 days and then there is a rap id  loss o f worms. V e ry  few, or no, 
worm s can be recovered from  the sm all in testine a fte r the  12th day. The a b if ity  
to  expel worms, and the tim e  course o f expulsion are independent o f the num ber
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F ig . 1. E ffe c t on  g ro w th  o f  H ym eno lep is  d im in u ta  o f a con cu rre n t in fe c tio n  w ith  
T ric h in e lla  s p ira lis . M ean d r y  w e ig h t/ r a t  ( ± s.d .) o f H . d im in u ta  recovered fro m  
groups o f  6 ra ts  in fe c ted  w ith  2000 la rvae  o f  T . s p ira lis  on da y  0, and 3 cysticerco ids 
o f  H . d im in u ta  on d a y  — 8 o r — 1 (E x p . 1), d a y  — I  o r + 3  (E x p . 2). Shaded bars, 
d u a l- in fe c te d  ra ts ; open bars, H . d im inx ita  o n ly . A 1  ra ts  au topsied on d a y  12: 
superscrip ts  are percentage re c o v e iy  o f  H . d m im u ta .
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o f larvae used fo r in fec tion  ; ra ts in fected w ith  200 or 2000 larvae showed a 
s im ila r p a tte rn  o f w orm  expulsion. W orm  expulsion is accompanied, and p robab ly  
caused, b y  m arked in fla m m a to ry  changes in  the intestine. These changes are 
apparent 5-6 days a fte r in fec tion  and are most intense during expulsion, b u t the 
in testine  then recovers rap id ly . In  the m a jo r ity  o f experiments described in  t l i is  
paper infections o f 2000 larvae were given, and the course o f in fec tion  m onitored 
in  ra ts lu lled  a fte r 7 and 12 days. As the results were consistent th roughout, 
details o f the T . spiralis w orm  recoveries are excluded from  the experim enta l 
results.
The effect on H . d im in u ta  of challenging with T . sphahs 
at different times
Tw o experim ents were carried ou t in  w hich infections w ith  H . diminuta were 
established 8 days and 1 day before (Exp. 1) or 1 day before and 5 days a fte r 
(E xp . 2) in fec tion  w ith  2000 T . spiralis larvae. Rats were k ille d  12 and 22 days 
a fte r in fec tion  w ith  T . spiralis: the  results o f the day 12 autopsv are shown m  
F ig . 1.
There was a severe depression o f g row th  o f the cestode in  a ll the dual-in fected 
gi'oups ; the reduction  in  the d ry  w e ight o f worms, recovered compared "with con­
tro ls  was 60, 90 and >  99%  in  groups given H . diminuta on days —8, — 1 and
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. F ig . 2. E ffe c t on  g ro w th  o f  Hymenolegns d in iin u ta  o f  a con cu rre n t in fe c tio n  w i th  
v a r ju n g  num bers  o f  T ric h in e lla  s p ira lis . M ean d ry  w e ig h t /ra t  ( ±  s.d.)  o f  H . d im in u ta  
recovered fro m  groups o f  6 o r T ra ts  g iven  0, 200, 1000 o r 2000 T . s p ira lis  lar^'ae 
+  3 cystice rco ids o f  H .  d im im ita  on  d a y  0, and  autopsied on  d a y  10.
+  5 respectively. This progressive effect on w e igh t appeared to  be paralle led b y  
an increasing loss o f worms. However, the recovery o f cestodes from  ra ts  k ille d  
on day + 2 2  was 100%  from  a ll 4 contro l groups and 100, 100 and 87*5% from  
dual-in fected groups given H . diminuta on days —8, —1 and + 5  respectively. 
This indicates th a t a lthough there was a pronounced s tun ting  effect, there was no 
s ign ifican t loss o f cestodes once established. (The low  recovery on day 12 m ay 
reflect a fa ilu re  to  recover sm all worms -  see M ateria ls and Methods.)
In  a th ird  experim ent, ra ts were infected w ith  H . diminuta on day 8 o f T . spiralis 
in fec tion  and autopsied 21 days la te r: there was 100%  recovery o f R . diminuta 
from  contro l rats, and 83%  recovery from  dual-in fected ra ts : the  w eight o f 
cestodes recovered from  the la tte r  group was 45 %  o f th a t fro m  the controls.
The effect of varying the number of T . sphahs administered on the growth of
H . d im inu ta
F ou r groups o f ra ts  were in fected as fo llow s: H . diminuta only, H . diminuta 
+  200 T. spiralis, H . diminuta +  1000 T. spiralis a n d H . diminuta +  2505 T , spiralis. 
B o th  parasites were adm inistered on day 0 and ra ts were autopsied on day 10 
(F ig . 2), The e x ten t to  w h ich g row th  o f H . diminuta was reduced was finked to













Treatment CA T.s. +-CAT.s.
P ig . 3. E ffe c t o f  co rtisone  acetate (CA) tre a tm e n t on gross't  h  o f  H ym enolep is  d b n in u ta  
in ra ts  c o n c u rre n tly  in fe c ted  A\nth T ric h in e lla  s p ira lis .  M oan d ry  w e igh t / r a t  ( ±  s.d .) 
o f  J Î .  d im in u ta  recovered fro m  g i’oups o f  6 ra ts . A l l  ra ts  were g iven  3 cystice rco ids o f  
H . d im in u ta  on d a y  0 an d  au tops ied  on d a y  10. T .s ., 1000 T . s p ira lis  la iwae on d a y  0.
the  num ber o f T . spiralis g iven: 2000 and 1000 T . spiralis caused 94%  and 88 % 
reduction  in  w e igh t compared w ith  controls and even 200 T . spiralis caused a 
60%  reduction  in  w e ight (equiva lent to  24 h grow th lost).
The effect of administration of cortisone on the stunting of groicth of H . d im inu ta  
during concurrent infection with T. spiralis
F ou r groups o f ra ts  were in fected and treated as fo llows : H . diminuta on ly, 
H . diminuta-\-T. spiralis, H . diminuta +  coviisone acetate, and H . diminuta +  
T . spiralis +  cortisone acetate. B o th  parasites were adm inistered on day 0 and rats 
were autopsied on day 10 (Fig. 3). There was a 98%  reduction  in  diw  w eight o f 
H . diminuta a tta ined  in  the dual-infected group compared w ith  controls (7 mg and 
450 mg respectively), b u t in  the dual-infected gi’oup given cortisone grow th  was 
restored to  contro l levels. G iv ing  cortisone d id  no t per se cause a large increase in  
the g row th  o f the worms, the d ry  w e igh t o f the group receiving H . dimimda +  
cortisone exceeding the con tro l w e ight b y  o n ly  19% .
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The effect of T . spiralis infection on established H . d im in u ta : to investigate whether 
inflammation can cause destrobilation of H , d im inu ta
The above results show th a t g row th  is reduced b u t th a t there is no loss o f 
established H . diminuta. In  the mouse (Behnke et al. 1977) the response to  
T . spiralis causes destrob ila tion  o f H . diminuta (a loss o f s trob ila  be liind  the neck) 
and i t  was o f in terest to  s tudy the eflPect o f T. spiralis in fection  on the in te g rity  
o f estabhshed cestodes in  the ra t.
R ats were infected w ith  H . diminuta 15 days before adm in is tra tion  o f T. spiralis 
on day 0 : the cestode would, therefore, have an extensive s trob ila  a t the onset o f 
in flam m ation  (approxim ate ly  6 days a fte r g iv ing  T. spiralis) and destrob ila tion  
w ould  be obvious a t autopsy on day 10. W hen the rats were Idlled, 94%  o f the 
cestodes were recovered in  bo th  contro l and dual-infected rats, and a ll were 
s trob ila te . However, g row th  o f the cestode in  dual-infected rats had been re ­
tarded, the  mean d ry  w e ight recovered /ra t being 321 mg from  dual-infected 
compared w ith  571 mg from  contro l rats.
D I S C U S S I O N
The m a jo r observable effect o f concurrent in fection  w ith  T . spiralis on H . dimi­
mda was a m arked s tun ting  o f the  cestode, i.e. a slowing or stopping o f grow th. 
The ex ten t o f t l i is  effect appeared to  be dependent on the re la tive  tim in g  o f the 
2 infections and the num ber o f T. spiralis administered.
W hen H . diminuta was g iven several days before T . spiralis there was re la tive ly  
l i t t le  effect on g row th  compared w ith  the severe s tun ting  seen when the cestode 
was adm inistered closer to , or during, the tim e o f expulsion when the gu t is 
m arked ly  in f lamed. T liis  could be a ttr ib u te d  to  the more anterio r %iosition o f the 
scolex o f the older worms in  the sm all in testine (Chandler, 1939 ; B râ ten  & H opkins, 
1969) causing the p ro life ra tive  neck region to  be in  a less inflam ed h a b ita t and 
hence be tte r able to  grow, whereas smaller worms -would be fu rth e r down the 
in testine  in  a more inflam ed environm ent. U n fo rtuna te ly , we have no in fo rm a tion  
from  the present experim ents about the effect o f T. spiralis in fection  on the 
d is tr ib u tio n  and location  o f the cestodes. One other poss ib ility  is th a t there is a 
physio log ical change in  the cestode, older worms being more resistant to  the effects 
o f in flam m ation . I t  is o f in terest to  note th a t there was a s lig h tly  lower recovery o f 
E .  diminuta when given d iu ’ing the period o f expulsion o f T. spiralis (5 and 8 days 
a fte r in fec tion  w ith  T . spiralis) : th is , however, p robab ly  reflects a poorer establish­
m ent in  the in flam ed in testine  due to  d is rup tion  o f location signals.
The s tun ting  effect was more m arked when heavj^ T . spiralis in fections (2000 
larvae) were given than  when hghter T . spiralis in fections were given (1000 and 
200 larvae), im p ly in g  th a t as the T . spiralis burden (and hence the degree o f 
in flam m ation) increases, the  gro-wth o f the  cestode decreases. These observations, 
taken  in  consideration w ith  the abohtion o f the s tun ting  effect -with cortisone, 
suggest th a t the  non-specific in flam m ato ry  component o f the ra t's  response to  
T .  spiralis in fec tion  is hav ing  a deleterious effect on the cestode. In te s tin a l tape­
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worms are extrem ely sensitive to  changes in  host d ie ta ry  in take  (Read & R othm an, 
1957) and-as hea^-y T . spiralis in fections cause a reduction  in  chetary in take 
(Saowakontha, 1975) t li is  m ay be a t least p a rtly  responsible fo r the s tun ting  effect. 
However, as even low  level in fections o f T. sjnralis (200 larvae) caused a m arked 
reduction o f worm  grow th, i t  appears lik e ly  th a t the in flam m ation  does p lay  a 
p a rt in  the  stun ting . Indeed, the  in tes tina l m alabsorption.observed in  T. sjnralis 
in fections (Castro, 1976) m ay offset the s tun ting  effect o f reduced d ie ta ry  
in take  by  m aking more nu trien ts , p a rticu la r ly  carbohydrates, available to  the 
cestode.
Perhaps the m ost m terestm g p o in t raised by  the. results is th a t ne ither de­
s trob ila tion  nor loss o f H . diminuta occurred in  the face o f subsequent severe 
in tes tina l in flam m ation . In  the mouse, H . diminuta is rejected im m uno log ica lly  
(Hopldns et al. 1972), and Behnlre et al. (1977) showed th a t T .  5pira?î5-induced 
in flam m ation  caused prem atm e, i.e. non-speciflc, destrob ila tion  and loss o f the 
cestode. The bile  duct cestode H . microstoma, no t no rm a lly  rejected by  mice, is 
also removed i f  its  in tes tm a l phase coincides w ith  T .  sphnbs-induced in flam m ation  
(H ow ard et al. 1978). Once the scolex is inside the b ile  duct, no re jection  o f 
H . microstoma can occur', suggesting th a t the b ile duct is an im m uno log ica lly  
prhdleged site. In  the present s tudy H . dimimda, a lthough no t rejected im m uno­
log ica lly  from  the ra t a t low  level infections, has no such 'p ro tec ted  s ite ’ and is, 
therefore, presum ably as vulnerable to  a ttack  by  the r a t ’s response to  T. spiralis 
as i t  is in  the mouse. However, no re jection or even destrob ila tion  (a ' m arker ’ o f 
stress on the  cestode, such as im m unolog ica l a ttack) takes place, and th is  a b ility  
to  sm vive  is d iff ic u lt to  explain. I t  is possible th a t the r a t ’s response to  T. spiralis 
d iffers quah ta tive ly  fro m  th a t o f the  mouse, the  fac to r effective in  rem oval o f 
H .  diminuta from  the mouse bemg absent in  the ra t. A lte rn a tive ly , i t  m ay be th a t 
H . diminuta in  the ra t is physio log ica lly  insusceptible to  inflam m atory’’ responses. 
The reso lu tion  o f t li is  problem  awaits fu rth e r evidence o f im m u n ity  to  H . dimi­
nuta in  the ra t and studies on the im m une mechanisms invo lved.
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grants G 974/113/T  and G 977/65/T  (D .W ., M.M .W ). W e are grateful to Mr J. K eys for 
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c) I n t e r a c t i o n  o f  Hymenolepis d im înu ta  and N Ippos trongy I  us 
bras I I 1ens i s In the  r a t
An a d d i t i o n a l  expe r imen t  was per formed In which the 
nematode Ni p p o s t ro n g y I us b ras i  11ensi s was used as a source o f  
an i n t e s t i n a l  in f lam m ato ry  response ( T a l i a f e r r o  & S a r les ,  1939), 
t o  i n v e s t i g a t e  f u r t h e r  the  s ta tu s  o f  H, d im inu ta  in the  r a t .  The 
fo re g o in g  paper ( C h r i s t i e  e t  a i , ,  1979) i n d ic a te d  t h a t  th e re  may 
be some loss o f  H, d im inu ta  in d u a I - I n fe c t e d  r a t s ,  bu t  o n ly  I f  
the  i n i t i a l  e s ta b l i s h m e n t  o f  the  worms co inc id ed  w i th  the pe r iod  
o f  most in tense  in f lamm at ion  ( i n  t h i s  case, 5 and 8 days a f t e r  
i n f e c t i o n  w i th  T,  sp i r a I i  s ) , The exper iment  us i ng N, bras i I i  ensIs  
was t h e r e fo r e  designed t o  e s t a b l i s h  two p o in t s :  f i r s t l y ,  t h a t  
a d m in i s t r a t i o n  o f  H, d im inu ta  c y s t i c e r c o i d s  du r ing  the  p e r io d  o f  
in f lam m at ion  w i l l  reduce the e s ta b l i s h m e n t  o f  the cestode;  and 
second ly ,  t h a t  the e f f e c t  on H, d i mi nuta observed by C h r i s t i e  e t  a l .
(1979) was not  s o l e l y  a p ro p e r t y  o f  the response t o  T.  spi  r a I i  s ,
Female CFHB r a t s  aged 8-12 weeks were i n f e c t e d  sub­
cutaneous I y w i th  app ro x im a te ly  3000 N. b r a s i l i e n s i s  la rvae on 
day - 6 ; these and c o n t r o l  r a t s  were in fe c te d  w i t h  th re e  c y s t i c e r c o i d s  
o f  H, d im inu ta  on day 0.  Rats f rom both groups were k i l l e d  on 
days +8 and +25 (14 and 31 days a f t e r  i n f e c t i o n  w i th  N. bras i I i e n s  i s ) ; 
t h i s  l a t t e r  group was inc luded  t o  recover  regrown tapeworms from 
d u a I - i n f e c t e d  r a t s  t h a t  may no t  have been la rge enough t o  d e te c t  
on day +8 , Two r a t s  i n fe c te d  w i th  the nematode o n l y  were k i l l e d  
on day 7 p , i ,  t o  record  e s ta b l i s h m e n t ;  a mean o f  2769 worms were 
rec ov e red ,
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On day 8 o f  i n f e c t i o n  w i th  H, d im inu ta  (Tab le  3 - 1 ) ,  100% 
o f  the  c o n t r o l  H, d im inu ta  i n f e c t i o n  was recovered,  bu t  no worms 
o f  g r e a t e r  than 0 »l mg were recovered from the d u a l - i n f e c t e d  
group.  K i l l i n g  the  second two groups 17 days l a t e r ,  100% o f  the 
cestodes were again recovered from the  c o n t r o l ,  b u t  o n ly  56% 
o f  the  worms were recovered f r o n  the  d u a I - I n fe c t e d  r a t s .  The 
in d i v i d u a l  worms t h a t  were recovered from the l a t t e r  group were 
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1) I n t e r a c t i o n s  between H, d im inu ta  and N. bras î I î  ens i s in the  r a t
T h is  exper iment  demonstrated the  two p o in t s  ra ised  in  the 
i n t r o d u c t o r y  paragraph;  the  s t u n t i n g  e f f e c t  on H. d im inu ta  in  the  
r a t  is  no t  l i m i t e d  t o  the  response t o  T,  spi ra I  i s , as a very  
marked s t u n t i n g  e f f e c t  was observed in  r a ts  c o n c u r r e n t l y  in fe c te d  
w i th  N. bras I I i  ens i s ; i n f e c t i o n  w i th  the  ces tode du r in g  a pe r iod  
when the  i n t e s t i n e  is  in f lamed does a p p a re n t l y  a l t e r  the 
es ta b l i s h m e n t  o r  s u r v i v a l  o f  the  worm, E x c y s ta t io n  o r  l o c a t i o n  
s t i m u l i  may be upse t;  a l t e r n a t i v e l y ,  the  young tapeworm may be 
s u s c e p t i b l e  t o  the  e f f e c t s  o f  the  in f lammatory  response, becoming 
r e s i s t a n t  a t  a l a t e r  s tage .
In the  l i g h t  o f  t h i s  in fo r m a t i o n ,  some r e in s p e c t i o n  o f  the  
H, m ic ros toma/  T,  spî  ra i i s /  mouse work (Howard e t  a l , ,  1978) may be 
necessary ,  as o n l y  about  f i v e  days e lapse u n t i l  the  s c o le x  is 
i n s id e  the  b i l e  d u c t .  As the  e s ta b l i s h m e n t  o f  the c y s t i c e r c o i d s  may 
have been a f f e c t e d ,  one should perhaps q u a l i f y  the  c o n c lu s io n  t h a t  
H, microstoma is s u s c e p t i b l e  t o  r e j e c t i o n  processes w h i l e  In the 
lumen o f  the  smal l  i n t e s t i n e .  T r a n s p la n ta t io n  o f  mature H, microstoma 
i n t o  mice a p p r o p r i a t e l y  in fe c te d  w i t h  T,  so i ra i i s us ing a s i m i l a r  
p ro to c o l  t o  t h a t  o f  Howard ( 1977) v/ould perhaps c l e a r  t h i s  p o i n t  u d .
2) I n t e r a c t i o n  s tu d ie s  on Hymenolep is : general  conc lus ions
The p resen t  s tudy  and t h a t  o f  Behnke e t  a i , (1977) have 
ra is e d  some i n t e r e s t i n g  p o i n t s ,  both w i th  respec t  t o  T ,  sp i r a 11s 
and H, d i mi n u t a , A l though the  number o f  i n t e s t i n a l  mast c e l l s  and
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g lo b u le  leukocytes  a p p a re n t l y  inc reases  du r ing  the  course o f  
i n f e c t i o n  w i th  H, d im inu ta  in the  mouse (Andreassen e t  a l , ,  i9 78a) ,  
t re a tm e n t  o f  mice w i th  the  a n t i h i s t a m in e  and a n t i - 5 - h y d r o x y t r y p t a m i ne 
drugs promethaz ine,  methyserg ide o r  cyprohep tad ine  HCI has no e f f e c t  
on growth o r  r e j e c t i o n  o f  t h i s  p a r a s i t e  (Hopk ins,  personal  
communica t ion) ,  sugges t ing  t h a t  these products  o f  the  in f lamm ato ry  
response are  no t  in vo lved  in  e x p u ls io n  o f  H, d im ! n u t a . Treatment  
o f  mice w i th  d isod ium chromogIycate  (a p o te n t  i n h i b i t o r  o f  mast 
c e l l  d e g ra n u ia t io n )  has very  l i t t l e  e f f e c t  on r e j e c t i o n  o f  
T,  sp i r a I i  s , e x p u ls io n  in t r e a te d  mice being delayed by o n ly  
about  one day (M icha lska  & Karmanska, 1976),  The e x p u ls io n  o f  
both H. d im inu ta  and T. spi  r a I i  s in d u a I - i n f e c t e d  mice (Behnke 
e t  a i , ,  1977) may t h e r e f o r e  have been due to  o t h e r  f a c t o r s ,  a c t i n g  
s i n g l y  o r  in com b ina t ion ,  such as a c id o s i s  (Cas t ro ,  C o t t e r ,  Ferguson 
& Gordon, 1973),  increased phospho l ipase a c t i v i t y  (Larsh ,
O t to le ngh i  & W eather ly ,  1974), o r  re lease  o f  p r o s ta g la n d in s  
(Dineen, K e l l y ,  Goodr ich & Smith,  1974),
The response o f  the  r a t  and th e  mouse t o  T. soi  r a I i s  o o s s ib i y  
d i f f e r s ,  '  in t h a t  in the  mouse the f a c t o r s  produced cause
e a r l y  expu ls ion  o f  H, d im in u t a , whereas in the  r a t  no expu ls ion  
o r  d e s t r o b i l a t i o n  takes p la c e .  T. so i r a 1i s s t im u la t e s  an in f lammatory  
response in  both hos ts ,  and the  apparen t  d i f f e r e n c e  in  the  
components in vo lved  may be due t o  d i f f e r e n t  mechanisms f o r  
e x p u ls io n  o f  T. soi  r a I i  s . R e je c t io n  o f  T,  spi r a 1is  by the  mouse 
is  a s t r o n g l y  thymus-dependent process,  which may i n v o lv e  myelo id  
(bone marrow d e r iv e d )  accessory  c e l l  p roducts  a c t i  no _d Î r e c t i  y on the 
v/orms, w i th  T c e l l s  an e s s e n t i a l  component o f  t h i s  response 
(Wakel in & W i lson ,  1979^, _b) ,  whereas B c e l l s  and a n t ib o d y  have 
been s t r o n g l y  im p l i c a te d  in  e x p u ls io n  o f  T . s p i r a 11s f rom ra t s
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( Love e t  a l . ,  1976; Despommier e t  a l . . ,  1977^),  The in f lam m at ion  o f  
the  r a t  gu t  may t h e r e f o r e  be a mechanism t o  a l lo w  passage o f  
an t ib ody  i n t o  the  lumen o f  the  i n t e s t i n e  (see B a r th ,  J a r r e t t  & 
U rquha r t ,  1966),  I f  the  apparent  q u a l i t a t i v e  d i f f e r e n c e  in the  
responses o f  the  r a t  and the  mouse t o  T,  s p Î r a 1is  cou ld  be f u r t h e r  
c h a r a c t e r i s e d ,  perhaps t h i s  would g i v e  a c lu e  t o  the  i d e n t i t y  o f  
f a c t o r ( s ) which e x p e l ( s )  H, d im inu ta  f rom the  mouse.
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SUMMARY
1. The e f f e c t  o f  the  in f lam m ato ry  e x p u ls io n  phase o f  T.  sp i ra I  is  
on growth and s u r v i v a l  o f  hymenolepids no t  n o rm a l l y  r e je c te d  
by the. : r  hosts  was s tu d ie d  w i th  H, microstoma in  the  mouse 
and He d im inu ta  in the  r a t .
2.  Growth o f  the cestodes in  d u a I - i n f e c t e d  an imals was markedly  
depressed, and the  s e v e r i t y  o f  th e  e f f e c t  on growth Increased 
i f  the  cestode was a dm in is te red  c lo s e r  t o  the  t im e  o f  e x p u ls io n  
o f  T .  spi raI  i s .
3.  H, microstoma was found t o  be s u s c e p t i b l e  t o  the  e f f e c t s  o f  
in f lamm at ion  w h i l e  m ig r a t i n g  In the  smal l i n t e s t i n e ,  bu t  once 
the  sco lex  was i n s id e  the  b i l e  duc t ,  no loss o r  d e s t r o b i l a t i o n  
to o k  p lac e .  H. d im inu ta  in  the  r a t  was no t  e x p e l le d  o r  caused t o  
de s t ro b i  la te  by th e  in f lam m a t io n ,  b u t  e s ta b l i s h m e n t  was p robab ly  
a f f e c te d  i f  r a t s  were i n f e c t e d  w i th  the  cestode du r in g  the pe r iod  
o f  s e v e re s t  in f lam m at ion  caused by T.  spi  r a I i  s o r  N. bras i i iens i s .
4.  I t  is  suggested t h a t  the b i l e  duc t  Is an im m uno log ica l ly
p r i v i l e g e d  s i t e  f o r  H. m ic ros toma, and t h a t  the f a c t o r s  sec re ted
by the  in f lamed I n t e s t i n e s  o f  r a t s  and mice i n f e c t e d  w i th
T. spi  r a 11s d i f f e r  q u a l i t a t i v e l y .
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CHAPTER 4
LYMPHOCYTE TRANSFER IN MICE 
NFECTED WITH HYMENOLEPIS DIMINUTA
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1NTRQDUCTI ON 
I . T r a n s fe r  o f  îmnuni+y w i th  lymphocytes
T r a n s fe r  o f  immunological  memory and immune respons iveness 
from one animal t o  ano the r  w i t h  lymphocytes has proved t o  be one 
o f  th e  most use fu l  techn iques  in immunological  s t u d i e s ,  in p a r t i c u l a r  
in  i n v ‘0s t i g a t i o n  o f  the  n a tu re  o f  t h e  immune response t o  p a r a s i t i c  
organ isms.  There a re  numerous models in which the  immune response 
t o  he lm in ths  has been s tud ie d  us ing lymphocyte t r a n s f e r ;  the 
most e x t e n s i v e l y  s tu d ie d  systems are N ip p o s t ro n g y 1 us b r a s i l i e n s i s  
in the  r a t  ( K e l l y  & Dineen, 1972; reviewed by O g i l v i e  & Love, 1974) 
and T r i c h i n e l i a  s p i r a l i s  in the  mouse (Wakel in & L loyd ,  1976^).
O ther  h o s t - p a r a s i t e  systems in which immunity has been s u c c e s s f u l l y  
t r a n s f e r r e d  w i th  lymphocytes i ncIude T , spi  ra I  Is in  the  r a t  (Love 
e t  a l t ,  1976), T r i c h u r i s  mur is  in  the  mouse (Wakel in ,  1975),
T r i c h o s t r o n q y I  us c o I u b r i f o r n i s  in the  g u in e a -p ig  (Wag land & Dineen,
1965),  A s c a r is  in the  g u in e a -p ig  (Khoury,  Stromberg & Soulsby,  i 977 ) ,  
S t r o n g y lo i  des r a t t i  in the  r a t  (Moqbel, 1975), and Fasc io la  hepa t lca  
in th e  mouse (Lang, Larsh, Weather I y & Goulson, 1967) and in the  
r a t  (Corba, Armour, Roberts & U rquha r t ,  1971).  Th is  techn ique  
has a l s o  proved use fu l  in i n v e s t i g a t i o n  o f  immunity t o  protozoan 
p a r a s i t e s  such as Plasmodium in r a t s  ( P h i l l i p s ,  1970) and 
Trypanosoma in mice (Takayanagi ,  Kambara & Enr iquez ,  1973; P o u i i o t ,  
Viens & T a r g e t t ,  i 977),
Use o f  lymphocyte t r a n s f e r ,  who I e-body i r r a d i a t i o n  and 
lymphocyte s e p a ra t io n  techn iques  has a l lowed c o n s id e ra b le  progress 
in  i d e n t i f i c a t i o n  o f  the  s p e c i f i c  components in vo lved  in immune 
e x p u ls io n  o f  i n t e s t i n a l  p a r a s i t e s ,  p a r t i c u l a r l y  nematodes. Thus, i t
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has been p o s tu la te d  t h a t  r e j e c t i o n  o f  N, b ras i  I i e n s I s  by the  r a t  
in v o lv e s  a s p e c i f i c  sequence o f  a c t i o n  by lymphocytes,  a n t ib o d y  and 
a bone marrow component (reviewed by O g i l v i e  & Love, 1974), a l though  
O g i l v i e ,  Love, J a r ra  & Brown ( 1977) suggested t h a t  a bone marrow 
component may not  be necessary,  because h e a v i l y  i r r a d i a t e d  r a t s  can 
r a p i d l y  expel a n t i  body-damaged worms a f t e r  t r a n s f e r  o f  I g -n e g a t i v e  
t h o r a c i c  duc t  lymphocytes.
L ikewise  in the  mouse, the  response t o  T.  spi  ra I  is  has 
been shown to  be t r a n s f e r a b l e  t o  i r r a d i a t e d  r e c i p i e n t s  w i th  
T lymphocytes a lone ,  h i g h l y  p u r i f i e d  B c e l l  p o p u la t io n s  having no 
e f f e c t  on the  worm s u r v i v a l ;  however, i t  appears t h a t  a non- lympho id 
component is a l s o  necessary in b r i n g in g  about the changes in  the 
i n t e s t i n a l  env i ronment  which cause worm e x pu ls ion  (WakeI in & 'Wilson, 
1979^, _b) ,  T h is  is  in c o n t r a s t  t o  the  work o f  Despommier, McGregor, 
Crum & C a r te r  ( 1977) w i t h  T , sp i r a I i  s in r a t s ;  these au tho rs  p o s t u l a te  
t h a t  T ce I Is a c t  p r i  nci pa I I y as he I per  ce I Is ,  and t h a t  B ce I Is cause 
more e f f i c i e n t  r e j e c t i o n  than T c e l l s ,  p o s s ib l y  by p ro d u c t io n  o f  IgA, 
T h is  may, as Wakel in (1978) p o in ted  o u t ,  r e f l e c t  fundamental  
d i f f e r e n c e s  in the  com pos i t ion  o f  the  response t o  T .  s p i r a I i  s in the 
mouse and r a t ,  a c o n c lu s io n  suppor ted  by comparison o f  the  r e s u l t s  
o f  Chri  s t i  e e t  a l . ( 1979) and Behnke e t  a I . (1977) (see Chapter  3 ) .
The response o f  the mouse t o  H, d i minuta is  lymphocyte 
dependent, d i s p l a y i n g  s e n s i t i v i t y  t o  immunosuppressants (Hopkins 
e t  a i «, 1972_b ) and thym ic  i n s u f f i c i e n c y  (B land, 1976^, _b ) ,  and 
long - te rm  memory (Hopkins,  198G). T h is  system shou ld  thus  be 
amenable t o  t r a n s f e r  o f  immunity w i th  lymphocytes.  M esen te r ic  lymph 
node c e l l s  (MLNC) have been used s u c c e s s f u l l y  in most cases o f  
t r a n s f e r  o f  immunity a g a in s t  i n t e s t i n a l  p a r a s i t e s ,  the  m esente r ic  
lymph node (MLN) be ing  the  re g io n a l  d r a in in g  node f o r  the i n t e s t i n e .
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In r a t s  and m ic e , a l l  l ymphat ic  d ra inage from the smal l  i n t e s t i n e  
passes through the  MLN ( T i l n e y ,  1971; C a r te r  & C o l l i n s ,  1974),  
A t tempts by Bland (1976^) t o  t r a n s f e r  immunity a g a in s t  
H, d im inu ta  in mice us ing MLNC and spleen c e l l s  met w i th  l i t t l e  
success, and the  p resen t  s tudy  was i n i t i a t e d  to  expand t h i s  work 
by v a ry in g  va r iou s  parameters In the  search f o r  e f f e c t i v e  adop t i ve  
t r a n s f e r  o f  Immunity.
2* Lymphocyte m ig r a t io n  and accumula t ion  in the i n t e s t i n e
I t  is  now we l l -known t h a t  I s o t o p i c a l l y  l a b e l l e d  lymphoblasts  from 
the  t h o r a c i c  duc t  o r  MLN in j e c t e d  i n t o  a r e c i p i e n t  animal w i l l  
p r e f e r e n t i a l l y  l o c a l i s e  in  the  lamina p r o p r ia  o f  the smal l 
i n t e s t i n e  (Cowans & K n igh t ,  1964; G r l s c e l l i ,  Vassal I i  & McCluskey, 
1969). Th is  c a p a c i t y  f o r  i n t e s t i n a l  l o c a l i s a t i o n  is a f e a tu re  o f  
both T and B lymphoblasts  (Guy-Grand, G r l s c e l l i  & Vassal I i ,  1974; 
McWi l l iams,  P h i l i i p s - Q u a g l i a t a  & Lamm, 1975) and i s  no t  a p ro p e r t y  
shared by smal l  T lymphocytes (D eF re i tas ,  Rose & P a r r o t t ,  1977) 
o r  p e r ip h e ra l  lymph node lymphoblasts  o r  Peyer*s patch lymphoblasts  
( G r l s c e l l i  e t  a l . ,  1969; Guy-Grand e t  a l . ,  1974; P a r r o t t ,  Rose, 
S less ,  DeFre i tas  & Bruce, 1975),
I t  has been shown w i th  v a r io u s  nematode i n f e c t i o n s  t h a t  
the  presence o f  the  worms in the  smal l  i n t e s t i n e  causes enhanced 
accumula t ion  o f  b l a s t  c e l l s  in  the mucosal la ye r  o f  the  smal l  
i n t e s t i n e ,  e .g .  I ,  s p i r a l i s  In mice (Rose, P a r r o t t  & Bruce, 1976a) 
and r a t s  (Despommier e t  a l . ,  1977^; Love & O g i l v i e ,  1977),
N, b r a s i l i e n s i s  in r a t s  (Love & O g i l v i e ,  1977), and I .  c o I u b r i f o r m i s  
in g u in e a -p ig s  (Dineen, Ronal & Wagland, 1968).  T r a f f i c  o f  
lymphoblasts  t o  the  in f e c t e d  smal l  i n t e s t i n e  has been s tu d ie d
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e x t e n s i v e l y  w i th  T . s p i r a l i s  In the  mouse, and t h i s  work has 
shown t h a t  the  enhanced accumula t ion  o f  lymphoblasts  in  the  smal l  
i n t e s t i n e  is  a p r o p e r t y  o f  T b l a s t s  and no t  o f  B b l a s t s  (Rose 
e t  a l , ,  1976b) and i s ,  a n t i  gen ica I  I y speak ing ,  an e n t i r e t y  
n o n - s p e c i f i c  phenomenon, lymphocytes f rom n o n - i n fe c te d  an imals 
d i s p la y in g  enhanced accumula t ion  in the in fe c te d  smal l  i n t e s t i n e ,  
b u t  no t  v i c e  versa (Rose e t  a l . ,  1976^),  N o n s p e c i f i c  i n t e s t i n a l  
in f lamm at ion  induced by o r a l l y  adm in is te red  t u r p e n t i n e  a l s o  
enhances lymphob las t  accumula t ion  in the  smal l i n t e s t i n e  ( P a r r o t t  
e t  a i , ,  1975), I t  has a l s o  been shown by Love & O g i l v i e  (1977) 
t h a t  t h o r a c i c  duc t  lymphoblasts  f rom ra ts  i n f e c t e d  w i t h  N, b ras i  I i e n s 1s . 
show enhanced accumula t ion  in the  i n t e s t i n e  o f  r a t s  in fe c te d  w i th  
T .  s p i r a l i s , and v ic e  v e rs a , again sugges t ing  a lack  o f  a n t i g e n i c  
s p e d  f  I c i t y .
I t  i s  a l s o  n o tab le  t h a t  p e r ip h e r a l  lymph node b l a s t s  w i l l  
a l s o  d i s p la y  enhanced accumula t ion  in the  smal l  i n t e s t i n e  o f  mice 
in fe c te d  w i t h  T,  s p i r a l i s  ( i n  f a c t  an increase o f  118-205^ over  
c o n t r o l  va lues ,  compared w i t h  an increase o f  57^ w i th  MLN b l a s t s ) ,  
a l though  the abso lu te  number o f  these p e r ip h e r a l  lymphoblasts  
reach ing  the gu t  is  r e l a t i v e l y  much s m a l l e r  than is  observed w i th  
MLN b l a s t s ,  and p e r ip h e ra l  lymphoblasts  are e a s i l y  d i v e r t e d  t o  
p e r ip h e r a l  s i t e s  o f  in f lamm at ion  (Rose e t  a l . , ,  1976b),
The p resen t  s tudy  was i n i t i a t e d  t o  determine i f  t h e re  was 
any c o r r e l a t i o n  between the  r e s u l t s  o f  the exper iments  on t r a n s f e r  
o f  immunity and the lymphocyte t r a f f i c  t o  the  smal l  i n t e s t i n e  o f  
mice in fe c te d  w i th  H, d im in u ta .
MATERIALS & MFTHODS
I . Lymphocyte t r a n s f e r
Lymphocytes f o r  t r a n s f e r  i n t o  r e c i p i e n t s  were taken from 
the  MLN o f  donor mice* The MLN was removed, c leaned o f  f a t  and 
conn ec t i ve  t i s s u e ,  and s to re d  in Medium i 99 ( I n c l u d i n g  L -g lu tam ine  
and 25mM HEPES b u f f e r :  Gibco Europe L t d . )  + 5% h e a t - i n a c t i v a t e d  
f o e t a l  c a l f  serum (Flow L a b o ra to r ie s )  + 10 l . u ,  hepar in  /  ml,  on 
m e l t i n g  I c e .  When a l l  the  nodes had been c o l l e c t e d ,  any rema in ing  
f a t  t h a t  had become apparent  because o f  the low tempera tu re  was 
cleaned o f f ,  and the  nodes were pressed through a f i n e  ny lon s ie ve  
w i th  a p l a s t i c  s y r in g e  p lu n g e r .  The la rge  fragments were a l lowed 
t o  s e t t l e  o u t  ove r  1-2 minutes;  the supe rnan tan t  was decanted i n t o  
round-bottomed c e n t r i f u g e  tubes and c e n t r i f u g e d  a t  200 g f o r  
4 minutes a t  4^0, The supe rnan tan t  was d iscarded  and the  c e l l  
p e l l e t  was made up t o  a known volume w i th  f resh  medium. A f t e r  
a g i t a t i o n  w i th  a pas teu r  p i p e t t e ,  the  suspension c o n s is te d  a lmost  
e n t i r e l y  o f  s i n g l e  c e l l s .  A l i t t l e  o f  t h i s  suspension was mixed 
I in  20 w i t h  a 2% w /v  s o l u t i o n  o f  t ry p a n  b lue  in HBSS, and the 
c e l l s  were counted w i th  a haemacytometer.  V i a b i l i t y ,  assessed by 
e x c lu s io n  o f  the  dye, was always o v e r  90%, The o r i g i n a l  c e l l  
suspension was d i l u t e d  t o  g i v e  the  c o r r e c t  number o f  c e l l s / m l ,  
and the  c e l l s  were i n j e c t e d  i n t o  a t a i l  ve in  o f  r e c i p i e n t  mice 
Î n 0 , 2 - 0 , 5  m l ,
S u rg ica l  cha l le nge  w i th  s t r o b i  la te  worms was chosen as the  
method o f  assess ing the  t r a n s f e r  o f  immunity,  as t h i s  has-been 
found t o  be more c o n s i s t e n t  and s e n s i t i v e  than c y s t i c e r c o i d  
c ha l lenge  (Hopkins & Za jac ,  1976; personal  o b s e r v a t i o n s ) .
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2,  Lymphocyte t r a f f i c
Lymphocytes were prepared as above, excep t  t h a t  the  medium
used was prepared by t a k in g  100 ml o f  RFMI 1640 ( w i t h o u t  g lu tam ine
o r  b ic a rb o n a te :  Flow L a b o ra to r ie s )  t o  which was added 0 ,8  ml o f
7.5% sodium b ic a rb o n a te  (Flow L a b o r a t o r i e s ) ,  1.0 ml o f  200mM
g lu tam ine  (Gibco Europe L t d . )  and 10 ml o f  h e a t - i n a c t i v a t e d  f o e t a l
c a l f  serum (Flow L a b o r a t o r i e s ) » I ml o f  c e l l  suspension was added
t o  a s t e r i l e  p l a s t i c  t i s s u e  c u l t u r e  grade tube (NuncIon D e l ta )
75c o n ta in in g  4 ml o f  medium in c lu d in g  L - ( S e )se leno m e th ion ine 
(The Radiochemical Cen t re ,  Amersham), The s p e c i f i c  a c t i v i t y  o f  
the  iso tope  was in the  range 3-20  mCi/mg se lenom eth ion ine ;  Iso tope 
and c e l l  c o n c e n t r a t i o n  per mi a t  in c uba t io n  is  g iven  f o r  each 
expe r imen t  In the  Resu l ts  s e c t i o n ,  bu t  was u s u a l l y  I pO\ / \ Cp  c e l l s / m l .  
The c e l l s  were incubated a t  37+0 ,5 0^ , c e n t r i f u g e d  a t  200_q f o r  
4 minutes a t  room tempera tu re ,  and the  supe rna tan t  removed. The 
c e l l s  were washed th re e  t imes in  Medium 199 ( w i t h o u t  serum o r
7
h e p a r in ) ,  counted and te s te d  f o r  v i a b i l i t y ,  and 5x10 c e l l s  In 0 .5  ml 
were i n j e c t e d  i n t o  rec ip ien t  mice v ia  a t a i l  v e in .  In accordance 
w i th  the  f i n d i n g s  o f  Rose e t  a l , (1976a) who found maximum 
l o c a l i s a t i o n  o f  c e l l s  24 hours a f t e r  i n j e c t i o n ,  r e c i p i e n t  mice 
were k i l l e d  24 hours a f t e r  i n j e c t i o n  o f  l a b e l l e d  c e l l s .  The smal l  
i n t e s t i n e ,  MLN, sp leen and l i v e r  were removed, r in s e d  e x t e r n a l l y  
in HBSS, and placed in separa te  p l a s t i c  v i a l s  f o r  measurement o f  
r a d i o a c t i v i t y .  The organs were counted f o r  gamma-emission on a 
Packard T r i c a r b  L iq u id  S c i n t i l l a t i o n  Spectrometer ,  The counts f o r  
t he  v a r iou s  organs,  one dose o f  each batch o f  l a b e l l e d  c e l l s  ( t o  
assess the t o t a l  i n j e c t e d  r a d i o a c t i v i t y ) ,  and b la n k  tubes ( f o r  
background r a d i a t i o n  coun ts )  were recorded on a p r i n t e r  and the
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f i g u r e s  t r e a te d  as f o l l o w s .
The percen tage o f  the  I n je c t e d  dose recovered from each 
o f  the  smal l  i n t e s t i n e ,  sp leen ,  MLN and l i v e r  (%1D) was c a l c u la te d  
as:
organ coun t  -  background count  100
% I D = .1... . ............— M... X —
in je c t e d  dose count  -  background count I
The percen tage in an organ o f  the  t o t a l  r a d i o a c t i v i t y  
recovered from a l l  f o u r  organs (%TR) was c a l c u la te d  as:
organ coun t  -  background coun t  100
%TR =            X---------
t o t a l  coun t f rom a I I organs -  (4 x background) I
A l l  exper iments  in  t h i s  Chapter  were c a r r i e d  o u t  w i th  
Inbred NIH s t r a i n  mice.  S t e r i l e  in s t rum en ts ,  vesse ls  and media 
were used th ro u g h o u t ,  and c e l l s  were prepared f o r  I n j e c t i o n  under 
ve ry  c lean ( b u t  no t  n e c e s s a r i l y  s t e r i l e )  c o n d i t i o n s .
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RESULTS
I . At tempts  t o  t r a n s f e r  immunity a g a in s t  H, d im inu ta  w i t h  MLNC
a) C h a r a c te r i s a t i o n  o f  the  response o f  NIH mice t o  s u r g i c a l  
I n f e c t i o n  w i th  H, d im inu ta
To t e s t  the  response o f  NIH s t r a i n  mice t o  s u r g i c a l  i n f e c t i o n  
w i t h  H, d im inu ta  and t o  make a comparison w i th  the  w e l l - c h a r a c t e r i s e d  
CFLP s t r a i n ,  groups o f  NIH and CFLP female mice were cha l lenged  
s u r g i c a l l y  a t  9 weeks o ld  w i t h  a s i n g l e  worm recovered from r a t  
donors in fe c te d  s i x  days p r e v i o u s l y .  Mice from both groups were 
k i l l e d  on days 7, 9, I I ,  13 & 15 p , i . ,  and the  dry we igh ts  o f  the  
worms recovered are shown in F ig ,  4 -1 ,
The m a j o r i t y  o f  worms e s ta b l i s h e d  s u c c e s s f u l l y  in  both 
groups ( judged by the  re c o v e r ie s  on day 7 p , i , ) ,  and i t  is  c l e a r  
t h a t  th e re  was no s u b s t a n t i a l  d i f f e r e n c e  in growth o r  s u r v i v a l  o f  
Ht d im inu ta  on subsequent days between the  two s t r a i n s  o f  mice.
In both s t r a i n s ,  r e j e c t i o n  commenced a t  about day 9 p , i , ;  recovery  
on day I I  p , i  was around 50%, and r e j e c t i o n  was v i r t u a l l y  complete 
by day 13 p . i  o
To i n v e s t i g a t e  whether  the  NIH mouse Is capable o f  mount ing 
a s t ro n g  secondary response t o  H, d im !n u ta , immunised and 
non-immunised an imals  o f  t h i s  s t r a i n  were cha l lenged  s u r g i c a l l y  
w i t h  s i x - d a y - o l d  r a t  worms. The immunised mice had been p r e v io u s l y  
i n f e c t e d  w i t h  f i v e  c y s t i c e r c o i d s ,  and both groups were g iven 
a n t h e l m in t i c  16 days l a t e r .  A l l  mice were s u r g i c a l l y  cha l lenged  
4 -6  days a f t e r  t h i s ,  and au tops ied  on days 5 and 7 p , i .
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F igu re  4 - I
Dry w e ig h t  o f  H» d im inu ta  f rom s u r g i c a l  I y 
I n fe c te d  CFLP (o) o r  NIH ( • )  mice.  Each p o i n t  
rep resen ts  the  t o t a l  w e igh t  o f  worm t i s s u e  
from a s i n g l e  mouse.
N .R. ,  mice from which no we ighable  worms were 













On day 5 p . i . ,  7 /8  o f  the  worms were recovered from the 
immunised mice ( F ig .  4 - 2 ) ,  bu t  o n ly  1/8 was recovered from the  
Immunised mice; t h i s  l a t t e r  worm weighed 0 ,8  mg (compared w i th  
a mean o f  25.6  mg pe r  s u r v i v i n g  worm in the  c o n t r o l s ) ,  and o n ly  
d es t rob i  la ted  worms were recovered from the o t h e r  seven mice.  On 
day 7 p . i . ,  6 /8  o f  the  c o n t r o l  mice re ta in e d  worms, i n d i c a t i n g  
t h a t  r e j e c t i o n  o f  the  worms had no t  commenced in  t h i s  group; 
however,  th e re  were a la rge  number o f  v/orms under 2 mg, which 
may in d i c a te  t h a t  the  Immune response was under way o r  t h a t  an 
u nu sua l ly  high  p r o p o r t i o n  o f  the  worms had been damaged a t  
i n s e r t i o n  and subsequen t ly  regrown. In any even t ,  the  immunised 
group again showed a lmos t  complete r e j e c t i o n ,  1/9 o f  the  worms 
rema in ing .  Th is  exper iment  t h e r e fo r e  demonstrated t h a t  NIH mice 
are capable o f  mount ing a f a s t ,  e f f i c i e n t  secondary response, o f  
a s i m i l a r  e f f i c i e n c y  t o  t h a t  in  CFLP mice (Hopkins & Za jac ,  1976).
b) T e s t  o f  c e l l  t r a n s f e r  techn ique
C e l l  t r a n s f e r  techn ique  was te s te d  a t  the o u t s e t  by 
t r a n s f e r r i n g  immunity a g a in s t  sheep e r y t h r o c y t e s .  C e l l  donors 
were i n j e c t e d  Î n t r a p e r i t o n e a I I y w i t h  a suspension o f  sheep 
e r y th r o c y t e s ,  and serum an t ibody  response t o  cha l le nge  was found t o  
be markedly enhanced In c e l l  r e c i p i e n t s .  As s ta te d  in M a te r i a l s  
& Methods f o r  t h i s  Chapter ,  c e l l  v i a b i l i t y  a t  t r a n s f e r  was always 
g r e a t e r  than 90%, b u t  a f t e r  a number o f  unsuccessfu l  r e s u l t s  w i th  
H. d im in u ta , the  techn ique  was r e - t e s t e d . a s  f o l l o w s .
F ive  NIH mice were i n f e c t e d  w i th  350 T , s p i r a l i s  la rvae ,  and 
th e  en la rged  MLN's removed e i g h t  days l a t e r .  7x10^ o f  the  pooled 
c e l l s  were t r a n s f e r r e d  t o  each o f  f i v e  r e c i p i e n t s .  These and f i v e
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F igu re  4-2
Dry w e ig h t  o f  H. d im inu ta  f rom s u r g i c a l  
c h a l le n g e  o f  NIH mice, 
o,  p r e v i o u s l y  u n in fe c te d  mice 
• ,  mice in f e c t e d  w i th  f i v e  c y s t i c e r c o i d s  
20-22 days be fo re  c h a l le n g e .
Each p o i n t  rep resen ts  the  t o t a l  w e ig h t  o f  worm 
t i s s u e  from a s i n g l e  mouse,
N .R . ,  mice from which no we ighab le  worms were 
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c o n t r o l  mice were cha l lenged  w i th  350 T. s p i r a l i s  la rvae  on the 
day o f  c e l l  t r a n s f e r ,  and au tops ied  e i g h t  days l a t e r  f o r  c oun t ing  
a d u l t  worms in the  smal l  i n t e s t i n e , A  mean o f  225139 worms was 
recovered from the  c o n t r o l  mice, and a mean o f  83 l62 worms from 
the  c e l l  r e c i p i e n t s .  The worms recovered from tha l a t t e r  group 
were a l s o  o b v io u s l y  s m a l l e r ,  bu t  no measurements were taken .
Th is  exper iment  thus  shows t h a t  th e  techn ique  employed was indeed 
s u f f i c i e n t  t o  t r a n s f e r  immunity a g a in s t  an i n t e s t i n a l  p a r a s i t e ,
c) T ra n s fe r  o f  immunity a g a in s t  H, d im in u ta ; lymphocytes 
taken du r in g  a p r im ary  i n f e c t i o n
Four exper iments were c a r r i e d  ou t  in which c e l l  donors 
were In fe c te d  w i t h  s i x  c y s t  I c e rc o id s  o f  H, d im in u ta , and the MLNC 
were harves ted  on days 7, 14, 16 & 21 p , i ,  (one day f o r  each 
e x p e r im e n t ) ,  5x10^ MLNC were in j e c t e d  i n t o  r e c i p i e n t  mice, which 
were cha l lenged s u r g i c a l l y  one day l a t e r .  C e l l  r e c i p i e n t s  and 
c o n t r o l  (no c e l l s )  mice were au tops ied  on day 6 p . i . ;  th e  r e s u l t s  
f o r  a l l  f o u r  exper iments  are shown in  F ig ,  4 -3 ,
A l though the  c o n t r o l  r e s u l t s  f o r  the day 14 and 16 MLNC 
exper iments  were less than s a t i s f a c t o r y  (p robab ly  due t o  t r a n s p la n t i n g  
damaged worms), th e re  was no i n d i c a t i o n  f rom any o f  these exper iments 
t h a t  t r a n s f e r  o f  5x10^ MLNC taken from mice a t  v a r io u s  s tages o f  
I n f e c t i o n  had any e f f e c t  on e s ta b l i s h m e n t ,  growth o r  s u r v i v a l  o f  
a cha l lenge  i n f e c t i o n ,
1 had n o t i c e d  In many exper iments  (m a in ly  f rom the  work f o r  
Chapter  2) t h a t  mice in fe c te d  s u r g i c a l l y  w i th  H, d im inu ta  o f te n  had 
g r e a t l y  en la rged  MLN*s w i t h  many germinal  c e n t re s ,  p a r t i c u l a r l y  on
F a c i n g  page 189
F igure  4-3
Dry w e ig h t  o f  H, d im inu ta  f rom NIH mice s i x  
days a f t e r  s u r g i c a l  c h a l le n g e ,  
o, c o n t r o l  mice (no c e l l s  g iven )
7
#, mice in j e c t e d  i . v .  w i th  5x10 MLNC from 
donors i n f e c t e d  a t  the  t im es shown,
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day 9 p . i .  Th is  may have been due t o  m ic roorgan isms in t roduced  
i n t o  the  gu t  lumen o r  w a l l  w h i l e  t r a n s p l a n t i n g  th e  worms, escape o f  
mic roorganisms from the  gu t  lumen, n o n s p e c i f i c  s t i m u l a t i o n  o f  
d i v i s i o n  o f  lymphocytes by s u r g i c a l  s t r e s s ,  o r  in tense  s t i m u l a t i o n  
o f  the  node by the  la rge  worm in the  gu t  lumen.
To t e s t  i f  the  node was in f a c t  r e a c t i n g  t o  the  presence 
o f  the  worm, 5x10^ day 9 MLNC from s u r g i c a l l y  i n f e c t e d  c e l l  donors 
were t r a n s f e r r e d  i n t o  r e c i p i e n t  m ice .  C e l l  r e c i p i e n t s  and c o n t r o l  
mice were cha l le nged  s u r g i c a l l y  one day l a t e r  and au tops ied  on 
day 7 p . i .
The r e s u l t s  ( F ig ,  4 -4)  again showed t h a t  t h e r e  was no 
d i f f e r e n c e  in  growth o r  s u r v i v a l  o f  a c h a l le n g e  i n f e c t i o n ,  100% 
o f  the  worms were recovered from both groups,  and the  mean dry 
w e ig h t  pe r  mouse was a c t u a l l y  h ig h e r  in  th e  c e l l  r e c i p i e n t s  (29 ,0  mg) 
than in the  c o n t r o l s  (26,9  mg)
Exper iments were c a r r i e d  o u t  t o  de term ine whether  the  
number o f  c e l l s  t r a n s f e r r e d  in the  above exper iments  was to o  
low t o  e f f e c t i v e l y  t r a n s f e r  immunity a g a In s t  H, d im !nu ta  i n f e c t i o n .
g
2x10 MLNC is  approach ing the  maximum t o l e r a b l e  in t ra -v e n o u s  dose 
f o r  a mouse, so t h i s  le ve l  o f  t r a n s f e r  v/as s t u d ie d .
In th e  f i r s t  two expe r im en ts ,  MLNC were taken from donors 
in f e c t e d  e i g h t  days p r e v io u s l y  w i t h  f i v e  c y s t i c e r c o i d s , R e c ip ie n t  
mice rece ived  2x10^ MLNC, and in  the  f i r s t  expe r im en t  (E x p t .  I )  
r e c i p i e n t  and c o n t r o l  mice were cha l le nged  s u r g i c a l l y  two days 
l a t e r .  A p r e l i m i n a r y  k i l l  on day 7 p . i ,  i n d i c a te d  no d i f f e r e n c e  
in worm w e igh ts  o r  recovery  between th e  two groups,  so th e  m a j o r i t y  
o f  the  mice in  t h i s  expe r im en t  were k i l l e d  on day 9 p . i .
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F igure  4-4
Dry w e igh t  o f  H. d im inu ta  f rom NIH mice seven 
days a f t e r  s u r g i c a l  c h a l le n g e .
C, c o n t r o l  mice (no c e l l s  g iven )
IMLNC, mice r e c e i v i n g  5x10^ MLNC from donor 
mice in f e c t e d  s u r g i c a l l y  n ine  days 
be fo re  c e l l  t r a n s f e r .
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 















9/12 o f  the  c o n t r o l  mice re ta in e d  worms ( F ig ,  4 -5 ,  Exp t.  I ) ,
bu t  o n l y  2/12  o f  th e  c e l l  r e c i p i e n t s  were found t o  be i n f e c t e d ,
I n d i c a t i n g  t h a t  the  c e l l  r e c i p i e n t s  were r e j e c t i n g  t h e i r  worms 
e a r l i e r  than the  c o n t r o l  mice.
A repea t  o f  t h i s  expe r imen t  was conducted,  o n l y  t h i s  t im e 
the  s u r g i c a l  c h a l le n g e  was seven days a f t e r  c e l l  t r a n s f e r .  In
Q
a d d i t i o n  t o  the  normal c o n t r o l s ,  a group o f  mice g iven 1,5x10 
na ive  MLNC ( i . e .  f rom u n in fe c te d  donors) was in c lu d e d .  A l l  mice 
were again k i l l e d  on day 9 p , i .
The r e s u l t s  ( F ig ,  4 -5 ,  Exp t ,  2) show t h a t  a l though  the 
mean worm w e igh t  per  mouse o f  the  group r e c e iv i n g  immune MLNC was 
lower (35 ,0  mg) than t h a t  o f  the  group r e c e i v i n g  na ive  MLNC (58 ,3  mg), 
i t  was simi l a r  t o  the  mean f o r  the  c o n t r o l s  (38 ,0  mg), and none 
o f  th e  groups was s i g n i f i c a n t l y  d i f f e r e n t  f rom any o t h e r  g roup .
In the  nex t  expe r im en t ,  MLNC were taken from mice In fe c te d
w i t h  f i v e  H, d im !nu ta  21 days p r e v i o u s l y .  C e l l  r e c i p i e n t s  were
Q
in je c t e d  w i th  2x10 MLNC; c e l l  r e c i p i e n t s  and c o n t r o l s  were 
cha l lenged  s u r g i c a l l y  seven days l a t e r ,  and were au tops ied  on 
days 7 and 9 p , i ,
On day 7 p . i , ,  7/8 o f  th e  cont ro lworms were recovered 
( F ig ,  4 - 6 ) ,  whereas o n ly  3/8  o f  t h e  worms were recovered from 
c e l l  r e c i p i e n t s .  On day 9 p . i , ,  a l l  o f  t h e  c e l l  r e c i p i e n t s  had 
l o s t  t h e i r  worms, bu t  3 /7  o f  the  c o n t r o l  worms remained. T h is
g
expe r im en t  t h e r e f o r e  suggests  t h a t  2x10 day 21 immune MLNC were 
e f f e c t i v e  In a c c e l e r a t i n g  e x p u ls io n  o f  H. d im in u ta .
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Figu re  4-5
Dry w e igh t  o f  H. d im inu ta  f rom NIH mice k i l l e d
n ine  days a f t e r  s u r g i c a l  c h a l le n g e .
C, c o n t r o l  (no c e l l s  g iven)
IMLNC, 2x10^ MLNC from donor mice In fe c te d  w i t h  
f i v e  c y s t i c e r c o i d s  e i g h t  days be fo re  c e l l  
t r a n s f e r
hMLNC, 1.5x10^ MLNC from na ive  (u n in fe c te d )  donor 
mi ce.
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F igu re  4-6
Dry w e ig h t  o f  H. d im inu ta  f rom NIH mice 
a f t e r  s u r g i c a l  c h a l le n g e ,  
o,  c o n t r o l  mice (no c e l l s  g iven )  
e ,  mice i n j e c t e d  i . v ,  w i t h  2x10^ MLNC from 
donors in fe c te d  w i t h  f i v e  c y s t  I c e rc o id s  
21 days p r i o r  t o  c e l l  t r a n s f e r  
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
N .R. ,  mice from which no we ighable  worms were 
recovered;  Days p . i . ,  days p o s t  i n f e c t i o n .
"88
OO
Z  Û -
O  o o o  o  m r o c M
O  ir> co CM ^
 ^ ( I 5 iu ) d sn o u i /  \N \ , A jp  u jjo m
9 5
d )  T r a n s fe r  o f  immunity a g a in s t  H, d im in u t a ; lymphocytes 
taken du r in g  a secondary i n f e c t i o n
( i )  Using low numbers o f  c e l l s
A s e r i e s  o f  exper iments  was conducted t o  de termine whether  
a second exposure to  H. d im inu ta  would s t im u la t e  an enhanced 
response In the MLN t h a t  would make t r a n s f e r  o f  immunity p o s s ib le  
w i th  fewer than 2x10^ MLNC,
In the  f i r s t  expe r im en t ,  c e l l  donor mice were I n fe c te d  w i th  
f i v e  H, d im inu ta  and given a cha l le nge  i n f e c t i o n  w i t h  a f u r t h e r  
f i v e  worms 21 days l a t e r ,  MLNC from these mice were c o l l e c t e d  on 
day 7 o f  the  cha l le nge  i n f e c t i o n ,  and 7x10^ MLNC were t r a n s f e r r e d  
t o  each r e c i p i e n t .  C e l l  r e c i p i e n t s  and c o n t ro l  mice were cha l lenged  
s u r g i c a l l y  two days l a t e r ,  and k i l l e d  on days 7 and 9 p . i .
The r e s u l t s  ( F i g .  4 -7 ,  Exp t ,  I ) show t h a t  6 /8  o f  the  
worms were p resen t  in  th e  c e l l  r e c i p i e n t s ,  and these worms were, 
i f  a n y th in g ,  h e a v ie r  than those  recovered from the  smal l  number 
o f  c o n t r o l  mice.  On day 9 p , i , ,  both groups r e ta in e d  s i m i l a r  numbers 
o f  worms (3/S and 3/9 In c e l l  r e c i p i e n t  and c o n t r o l  groups 
r e s p e c t i v e l y ) ,  t h e  s u r v i v i n g  worms from the c o n t r o l  mice be ing 
s l i g h t l y  h e a v ie r  than those from the  c e l l  r e c i o i e n t s .
In a repea t  expe r im en t ,  donor mice were in f e c t e d  w i th  f i v e  
c y s t i c e r c o i d s ,  and cha l le nged  w i th  a f u r t h e r  f i v e  on day 20 p , i .  
Seven days a f t e r  c h a l le n g e ,  the  MLNC were c o l l e c t e d ,  and 6,5x10^ 
Mine t r a n s f e r r e d  i n t o  each r e c i p i e n t .  C e l l  t r a n s f e r  and c o n t r o l  
mice were cha l lenged  s u r g i c a l l y  seven days l a t e r ,  and as a 
p r e l i m in a r y  k i l l  on day 7 p . i ,  i n d i c a te d  no d i f f e r e n c e  between the  
groups,  the  m a j o r i t y  o f  the  mice were k i l l e d  on day 9 p . i .
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F igure  4-7
Dry w e igh t  o f  H. d im inu ta  f rom NIH mice on days 
7 and 9 (E x p t .  I )  o r  day 9 (E x p t .  2) o f  a 
s u r g i c a l  i n f e c t i o n ,  
o,  c o n t r o l  mice (no cel  is  g iven )  
e,  mice In je c te d  i . v ,  w i t h  7x10^ MLNC from 
donor mice i n f e c t e d  w i th  f i v e  c y s t i c e r c o i d s  
28 o r  27 days and 7 days p r i o r  t o  c e l l  t r a n s f e r ,  
Each p o i n t  rep resen ts  the  t o t a l  w e ig h t  o f  worm 
t i s s u e  from a s i n g l e  mouse.
N.R. ,  mice from which no we ighab le  worms were 
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Al though th e re  was e s s e n t i a l l y  no d i f f e r e n c e  In recovery  
o f  worms between the  two groups ( F i g .  4 -7 ,  Exp t .  2 ) ,  the  worms 
recovered from the  c e l l  r e c i p i e n t s  were s i g n i f i c a n t l y  l i g h t e r  than 
those from c o n t r o l  mice ( p < ' 0 , 0 l ) ;  t he  re d u c t io n  In mean dry  w e ig h t  
was about  30%.
( l i )  Using h igh  numbers o f  c e l l s
Donor mice were in fe c te d  w i th  f i v e  c y s t  I c e rc o id s  and 
cha l lenged  w i t h  a f u r t h e r  f i v e  on day 19 p , i .  MLN were c o l l e c t e d  
seven days l a t e r  and c e l l  r e c i p i e n t s  were in je c t e d  w i t h  1,4-1,7x10® 
MLNC, These and c o n t r o l  mice were cha l lenged  s u r g i c a l l y  seven 
days l a t e r  and au tops ied  on days 7 and 8 p , i .
On day 7 p , i . ,  5/8  o f  the  worms were recovered from the 
c o n t r o l  group ( F ig ,  4 -8 ,  Expt.  I ) ,  whereas o n l y  1/7 o f  the  c e l l  
r e c i p i e n t s  was found t o  be i n f e c t e d .  As the  c o n t r o l  r e s u l t  was no t  
ve ry  s a t i s f a c t o r y ,  th e  remainder  o f  the  mice were k i l l e d  on day 8 p . i .  
t o  t e s t  the  observed d i f f e r e n c e .  On day 8 p . i .  t he  s i t u a t i o n  was 
ve ry  s i m i l a r ,  6 /8  and 2 /7  worms remain ing in the  c o n t r o l  and c e l l  
t r a n s f e r  mice r e s p e c t i v e l y .  Combining the r e s u l t s  f o r  the  two days,
73% o f  the  worms were recovered from c o n t r o l  mice, bu t  o n l y  21% from 
the  c e l l  r e c i p i e n t s .  T h is  t h e r e f o r e  in d ic a te d  t h a t  some degree o f  
enhanced immunity had been t r a n s f e r r e d .
Th is  exper iment  was repea ted ,  us ing 2x10® MLNC taken from 
mice immunised w i th  f i v e  worms f o r  21 days fo l l o w e d  by seven days 
o f  an i d e n t i c a l  c h a l le n g e  i n f e c t i o n .  C e l l  r e c i p i e n t s  and c o n t r o l  
mice were cha l lenged  s u r g i c a l l y  seven days a f t e r  c e l l  t r a n s f e r ,  and 
au tops ied  on day 7 p . i .
The r e s u l t s  ( F ig ,  4 -8 ,  Exp t .  2) show t h a t  t h i s  t im e  th e re
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Figu re  4-8
Dry w e ig h t  o f  H. dI minuta f rom NIH mice on days 
7 and 8 (E xp t .  I )  o r  day 7 (E xp t ,  2) o f  a 
s u r g i c a l  i n f e c t i o n ,  
o,  c o n t r o l  mice (no c e l l s  g iven )
#,  mice i n j e c t e d  i . v .  w i th  2x10® MLNC from 
donor mice i n f e c t e d  w i t h  f i v e  c y s t i c e r c o i d s  
26 and 7 (E x p t .  I )  o r  28 and 7 (E xp t .  2)  days 
p r i o r  t o  c e l l  t r a n s f e r .
Each p o i n t  rep resen ts  the  t o t a l  w e igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse,
N .R , ,  mice from which no we ighab le  worms were 
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was no d i f f e r e n c e  In recovery  o f  worms between the  two groups 
(100% from both g roups ) ,  and a l though  the  worms from the  c e l l  
r e c i p i e n t s  were l i g h t e r  than the  c o n t r o l  worms ( p < 0 , 0 5 ) ,  the  mean 
worm w e igh t  was o n l y  16% lower .  Th is  batch o f  mice was subsequen t ly  
found to  be h e a v i l y  i n fe c te d  w i th  an i n t e s t i n a l  p ro tozoan ,  p robab ly  
Hexamita  s p , ,  and t h i s  may have a dv e rs e ly  a f f e c te d  the  outcome o f  
t h i s  expe r iment .
In a t h i r d  exper iment ,  c e l l  donors were in fe c te d  w i th  f i v e  
c y s t i c e r c o i d s  and cha l lenged  w i th  a f u r t h e r  f i v e  on day 21 p . i ,  MLN 
were c o l l e c t e d  on day 4 o f  the c ha l le nge  i n f e c t i o n ,  and 1,3x10® MLNC 
were t r a n s f e r r e d  i n t o  r e c i p i e n t  mice,  these and c o n t r o l  mice were 
cha l lenged  s u r g i c a l l y  seven days l a t e r ,  and au tops ied  on day 7 p . i .
No ev idence  f o r  r e j e c t i o n  was found in e i t h e r  group ( F ig ,  4 - 9 ) ;  
7 /8  and 6 /6  worms were recovered from c o n t r o l s  and c e l l  r e c i p i e n t s  
r e s p e c t i v e l y ,  the mean we igh ts  o f  the  worms recovered were a l s o  
ve ry  s i m i l a r  (45,6  mg and 44,6  mg r e s p e c t i v e l y ) ,  i n d i c a t i n g  t h a t
Q
t r a n s f e r  o f  1,3x10 day 4 secondary i n f e c t i o n  MLNC had no e f f e c t  
on a c h a l le nge  i n f e c t i o n  w i t h  H. d îm inu ta .
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Figu re  4-9
Dry w e igh t  o f  H, d îm inuta  f rom N IH mice seven 
days a f t e r  s u r g i c a l  c h a l le n g e ,  
c o n t r o l ,  no c e l l s  g iven
IMLNC, mice i n j e c t e d  i . v ,  w i t h  1,3x10® MLNC 
from donor mice in f e c t e d  w i t h  f i v e  
c y s t i c e r c o i d s  4 and 25 days p r i o r  t o  
c e l l  t r a n s f e r .
Each p o i n t  rep resen ts  the  t o t a l  we igh t  o f  worm 
t i s s u e  from a s i n g l e  mouse,
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2)  Lymphocy te  t r a f f i c  în  m ice  i n f e c t e d  w i t h  H, d î m i n u t a
a) T e s t  o f  method and techn ique  us ing T, s p i r a l i s
A p r e l i m in a r y  exper iment  was c a r r i e d  o u t  t o  de termine
f i r s t l y ,  t h a t  the enhanced m ig r a t io n  o f  c e l l s  t o  the  smal l  I n t e s t i n e
o f  mice f o u r  days a f t e r  i n f e c t i o n  w i t h  T.  s p i r a l i s  (Rose e t  a l , ,
751976^) was d e te c ta b le  us ing L- (  Se)-seIenomethI  o n i ne , and secondly  
t h a t  th e  techn iques  in v o lv e d  were sound, MLNC were taken from 
u n in fe c te d  mice o r  mice In fe c te d  w i th  T,  s p i r a l i s  f o u r  days p r e v io u s l y ,  
and were incubated a t  2 y jCi / 10^ c e l l s / m l .  U n in fec ted  r e c i p i e n t s  
were in je c te d  w i th  the  c e l l s  f rom the  u n in fe c te d  donors,  and the 
c e l l s  f rom the  in f e c t e d  donors were i n j e c t e d  In to  mice in fe c te d  w i th  
T,  s p i r a l i s  f o u r  days p r e v i o u s l y .  A l l  c e l l  r e c i p i e n t s  were k i l l e d  
24 hours l a t e r ,  and the  percentage o f  the i n j e c t e d  dose (%ID) and 
the  percentage o f  the t o t a l  recovered r a d i o a c t i v i t y  (%TR) c a l c u la te d  
f rom the  r a d io a c t i v e  counts (Table 4 - 1 ) ,
The r a d i o a c t i v i t y  recovered from the smal l i n t e s t i n e ,  and 
thus p robab ly  the  number o f  lymphocytes accumula t ing  in the  lamina 
p r o p r i a ,  was s i g n i f i c a n t l y  g r e a t e r  both as % ID and ^TR in the 
group in fe c te d  w i th  T,  s p i r a l i s ,  c o n f i rm in g  the  f i n d i n g s  o f  Rose 
(1976^) ,  and e s t a b l i s h i n g  t h a t  the  techn ique  and iso tope  used 
were capable o f  d e t e c t i n g  t h i s  d i f f e r e n c e ,
b )  Comparison o f  the  accumula t ion  o f  l a b e l l e d  lymphocytes In
the  smalI  i n t e s t i n e  o f  mice in f e c t e d  w i th  T, s p i r a l i s  o r  H, d im inu ta
In the  f i r s t  expe r imen t  s tu d y in g  d i s t r i b u t i o n  o f  lymphocytes 
in  H, d im inu ta  i n f e c t i o n ,  a group o f  mice in fe c te d  w i t h  T , s p i r a l i s
2 0 2
Tab le 4-1
R a d i o a c t i v i t y  in  the  smal l  I n t e s t i n e  o f  mice i n f e c t e d  w i th
75T,  s p i r a l i s  f o l l o w i n g  i . v ,  i n j e c t i o n  o f  ( S e )se leno m e th lon ine 
labeI Ied MLNC,
C on t ro l  T ,  spi  ra t  i s  Increase in
(n = 4 )  (n = 3) i n f e c t e d  mice
^ ID  9 ,9  -  0 .6  14,7 -  3 .6  *  48,5%
%TR 22,4 -  2 .4  29 ,9  -  3,1 *  33,5%
%ID, percentage o f  the  i n j e c t e d  dose recovered 
%TR, percen tage o f  the  t o t a l  recovered r a d i o a c t i v i t y  
T ,  s p i r a l i s , 350 T .  spi  r a i l s  la rvae f o u r  days p r e v io u s l y  
s i g n i f i c a n t l y  d i f f e r e n t  f rom c o n t r o l s  ( p < 0 , 0 5 )  
(S tuden t *s  t  t e s t )
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was inc luded  as an e x t r a  c o n t r o l  t o  I n d i c a te  t h a t  the  techn ique  
was sound in  the even t  o f  a neg a t i ve  r e s u l t  w i th  H, d im in u t a .
Three groups o f  f o u r  mice were i n j e c t e d  w i th  l a b e l l e d  MLNC from 
donors t r e a te d  i d e n t i c a l l y  t o  themselves,  i . e .  u n in fe c te d ,  i n f e c t e d  
w i t h  350 T . s p i r a l i s  o r  f i v e  H. d im !nu ta  f o u r  days p r e v io u s l y ,  as 
shown i n Tab Ie 4 -2 ,
Tab Ie 4-2
Days : 0
Tsp   ^
I
Tsp '  ..........  CT "      Organs removed
Hd
Hd  .....  CT ■■■■'■ '     - —— Organs removed
I
CT......................- ..........   Oreans removed
Tsp, 350 T, s p i r a l i s ; Hd, 5 H, d im inu ta
MLNC removed and incubated w i th  iso top e ;  CT, MLNC in je c t e d  i . v ,
7MLNC were incubated a t  Î j jC I / IO  c e l l s / m l .  The va lues o f  % ID and %TR 
were c a l c u la te d  f o r  the smal l  i n t e s t i n e ,  MLN, sp leen and l i v e r  f o r  
the  th re e  groups.
The va lue  o f  % ID f o r  the  smal l  i n t e s t i n e  was h ig h e r  than 
the  c o n t r o l  va lue  in both i n f e c t e d  groups (Table  4 - 3 ) ,  though o n l y  
s i g n i f i c a n t l y  so in the  group i n f e c t e d  w i th  T , s p i r a l i s , which 
showed an inc rease  ove r  the  c o n t r o l  va lue  o f  111%, However, an 
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again a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e ,  MLN counts  were i d e n t i c a l  
in  the  th re e  groups,  b u t  %TR f o r  the  spleen was lower in the  mice 
in fe c te d  w i th  T . s p i r a l i s , i n d i c a t i n g  some r e d i s t r i b u t i o n  o f  the;; 
l a b e l l e d  c e l l s  t o  o f f s e t  th e  inc rease  in l o c a l i s a t i o n  in the  i n t e s t i n e .
I t  can a l s o  be seen from Tab le  4-3 t h a t  the  t o t a l  labe l
recovered expressed as a percentage o f  the  i n j e c t e d  dose was h ig h e r
in the  two in f e c t e d  groups than in c o n t r o l s ,  w i t h  the  va lue f o r  the
mi ce i n fec ted  w i th  T , s p i r a l i s  h i g h e s t  o f  a l l .  Whi le  t h i s  couId
be ex p la in e d  as a p r im ary  inc rease  o f  MLNC a t  the  smal l  I n t e s t i n e
(as descr ibed  by Rose e t  a l , ,  1976a), In t h i s  expe r im en t  the
sequence o f  p rocess ing  the  c e l l s  was the  same (T , s p i r a l i s , H, d im in u t a ,
c o n t r o l s )  and the  th re e  groups o f  c e i l s  took  up p r o g r e s s i v e l y  less
is o to p e .  When t h i s  l a t t e r  phenomenon occur red  in subsequent
exper iments ,  the  i s o t o p e - c o n t a in i n g  medium was he ld  on ice  in
a s i n g l e  b o t t l e  u n t i l  r e q u i r e d ,  r a t h e r  than dispensed i n t o  tubes
a t  t h e  o u t s e t  o f  the  exper iment  and w a i t i n g  f o r  i ,  2 o r  3 hours
b e fo re  the  c e l l s  were added. T h is  procedure reduced the  tendency
somewhat, presumably by reduc ing  a d s o rp t io n  o f  the  iso tope  on to  the
c u l t u r e  tubes ,  b u t  the  d i f f e r i n g  uptake o f  iso tope  may have been a t
l e a s t  p a r t l y  due t o  the  m e ta b o l i c  a c t i v i t y  o f  th e  p o p u l a t i o n . o f  MLNC
be ing incubated;  a c t i v e l y  d i v i d i n g  lymphoblasts  would presumably take,
up more o f  the label  than smal l  lymphocytes,  and as mice i n f e c t e d
nw i t h  T,  s p i r a l i s  have an increased p r o p o r t i o n  o f  b l a s t  c e l l s  in  t h e  ■
MLN (Rose e t  a l . ,  1976a), one m igh t  expec t  MLNC from these mice . ‘ 
t o  take  up more l a b e l .  T h is  t o p i c  i s  f u r t h e r  pursued .In the  D iscuss ion , '
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c) Lymphocyte t r a f f i c  în mice I n fe c te d  w i th  50 H. d im !nuta
MLNC were taken from c o n t r o l  and i n f e c t e d  mice, the  l a t t e r  
group having rece ived  50 c y s t i c e r c o i d s  f o u r  days p r e v i o u s l y .  The 
c e l l s  were incubated a t  I ^ C i / I O ^  c e l l s / m l ,  and the c e l l s  f rom the  
i n f e c t e d  donors were i n j e c t e d  i n t o  r e c i p i e n t s  a l s o  i n f e c t e d  w i t h  
50 H, d i minuta  f o u r  days p r e v i o u s l y ,  and c o n t r o l  c e l l s  i n t o  u n in fe c te d  
r e c i p i e n t s .
In t h i s  expe r im en t  (Table 4 -4 )  t he re  was no inc rease  in  
a r r i v a l  o f  l a b e l l e d  c e l l s  a t  the  smal l  i n t e s t i n e  o f  the  i n f e c t e d  
an ima ls ,  e i t h e r  as %ID o r  as %TR. However, MLN counts in  the  
i n f e c t e d  group were increased by 59% and 43% r e s p e c t i v e l y  
( s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  from c o n t r o l s  f o r  both f i g u r e s ) ,  
i n d i c a t i n g  t h a t  the  MLN o f  th e  mice h e a v i l y  i n f e c t e d  w i th  H, d im inu ta  
was more a t t r a c t i v e  t o  MLNC than the  r e s t i n g  ( c o n t r o l )  MLN,
d) Lymphocyte t r a f f i c  in mice i n f e c t e d  s i x  o r  e i g h t  days 
p r e v i o u s l y  w i th  f i v e  H, d im inu ta
As in c re a s in g  the  leve l  o f  cha l le nge  had no e f f e c t  on 
lymphocyte accumula t ion  in the smal l  i n t e s t i n e  ( p a r t  c) above),  
i t  is  p o s s ib le  t h a t  the m ig r a t io n  o f  c e l l s  t o  the  i n t e s t i n e  
occurs  a t  a d i f f e r e n t  t im e t o  t h a t  observed w i th  T.  s p i r a l i s . 
A c c o rd in g l y ,  an exper iment  was designed in which one group o f  
mice (donors and r e c i p i e n t s )  remained u n in fe c te d ,  and two o t h e r  
groups (donors  and r e c i p i e n t s )  were in fe c te d  w i th  f i v e  c y s t i c e r c o i d s  
s i x  o r  e i g h t  days p r i o r  t o  c e l l  i n c u b a t io n  and t r a n s f e r ,  MLNC
were incubated a t  2 j j C i / I O ^  c e l l s / m l *
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o f  r a d i o a c t i v i t y  recovered from the  smal l  i n t e s t i n e  o f  c o n t r o l  
mice and e i t h e r  i n f e c t e d  group (Table  4 - 5 ) ,  The %!D va lues f o r  
MLN, spleen and l i v e r  were h ig h e r  in the  group i n f e c t e d  e i g h t  days 
p r e v i o u s l y ,  b u t  aga in  t h i s  was the f i r s t  group o f  c e l l s  t o  be 
la b e l l e d ;  the  coun t  per  i n j e c t e d  dose was h ig h e r  in  t h i s  group, 
and t h i s  may have accounted f o r  the  inc rease in t o t a l  recovered 
r a d i o a c t i v i t y ,
e) Lymphocyte t r a f f i c  i n  mice w i t h  a secondary i n f e c t i o n  
o f  H, d im inu ta
In an a t te m p t  t o  magn i fy  any d i f f e r e n c e s  which e x i s t  in 
lymphocyte accumula t ion  ( b u t  which were no t  d e te c ta b le  w i t h  the  
techn iques  employed) in the  smal l  i n t e s t i n e  o f  mice in fe c te d  
w i t h  H. d im in u ta , mice were immunised w i th  f i v e  c y s t i c e r c o i d s  and 
cha l lenged  w i t h  a f u r t h e r  f i v e  on day 21 p , i ,  MLNC were c o l l e c t e d  
on day 4 o f  the  ch a l le n g e  i n f e c t i o n ,  and na ive  and immune c e l l s  were 
incubated a t  I j jC l / l o " ^  c e l l s / m l .  Labe l led  c e l l s  were in j e c t e d  i n t o  
na ive  and immune r e c i p i e n t s  r e s p e c t i v e l y  ( r e c i p i e n t s  t r e a t e d  
i d e n t i c a l l y  t o  don o rs ) .
The % ID f i g u r e s  f o r  smal l  i n t e s t i n e ,  MLN, spleen and 
l i v e r  were a l l  inc reased  in  the  i n f e c t e d  an ima ls ,  b u t  again
X a g r e a t e r  percentage o f  the  r a d i o a c t i v i t y  was recovered from 
the  i n f e c t e d  group (Table  4 - 6 ) .  Again ,  i t  was the  in f e c t e d  group 
c e l l s  t h a t  were processed f i r s t ,  b u t  the  I n je c t e d  dose count was 
under 10% h ig h e r  than t h a t  f o r  the  c o n t r o l  c e l l s ,  i n d i c a t i n g  t h a t  
the  inc rease in t o t a l  recovered r a d i o a c t i v i t y  (a lm os t  50%) may have 
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f )  T r a n s fe r  o f  Mmmune' and na ive  lymphocytes i n t o  na ive  and 
' immune* mice
To t e s t  i f  the  few observed d i f f e r e n c e s  in c e l l  accumulat ion 
noted thus f a r  were due t o  the  use o f  d i f f e r i n g  c e l l  p o p u la t io n s  f o r  
the  I n fe c te d  and u n in fe c te d  r e c i p i e n t s ,  an exper iment  was c a r r i e d  
o u t  in  which na ive  c e l l s  were t r a n s f e r r e d  a f t e r  l a b e l l i n g  i n t o  
I n fe c te d  and u n in fe c te d  r e c i p i e n t s ,  A t h i r d  group was inc luded  in 
which c e l l s  f rom in fe c te d  mice were i n j e c t e d  I n to  na ive  r e c i p i e n t s ;  
the  design o f  the  exper iment  is  shown in Tab le  4 -7 ,
Tab le 4-7
Days; 0 4 5
CT  -  --------- - - "■ - '■  ..... Organs removed
Hd  ------- - --- CT ....... —..... —— Organs removed
Hd ---------------------  *
CT --------— — - Organs removed
Hd, f i v e  H, d im inu ta
MLNC removed and incubated w i t h  iso top e ;  CT, MLNC in j e c t e d  i . v .
The 'immune* mice were i n f e c t e d  w i th  f i v e  c y s t i c e r c o i d s  f o u r
days be fo re  c e l l  t r a n s f e r  (donors and r e c i p i e n t s ) ,  and the  lymphocytes
were incubated a t  I j iC \ / iO ^  c e l l s / m l .
There were no d i f f e r e n c e s  in e i t h e r  %ID o r  %TR f i g u r e s  
between the immunised and na ive  r e c i p i e n t s  o f  the  na ive  c e l l s  
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In the  In fe c te d  r e c i p i e n t s .  The na ive  r e c i p i e n t s  o f  immune c e l l s  
a l s o  showed a s l i g h t  inc rease  in the  spleen coun ts ,  and the  amount 
o f  iso tope  reach ing the  l i v e r  was s l i g h t l y  lower than In the c o n t r o l s .  
Th is  exper iment  t h e r e fo r e  demonstrated t h a t  use o f  d i f f e r i n g  c e l l  
p o p u la t io n s  d id  n o t  d i s g u is e  d i f f e r e n c e s  in  m ig r a t io n  t o  the  small  
i n t e s t i n e  o f  an imals i n f e c t e d  w i th  H, d im inu ta  f o u r  days p r e v i o u s l y .
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3, The number o f  lymphocytes in the MLN du r ing
I n f e c t i o n  w i th  H, d im inu ta  and T. s p i r a l i s  in  mice
Data on the  number o f  MLNC ob ta ined  per  donor mouse were 
a v a i l a b l e  f rom severa l  o f  the  c e l l  t r a n s f e r  exper iments  repo r te d  
in  t h i s  Chapte r ,  and t h i s  in fo r m a t i o n  was c o l l e c t e d  and p l o t t e d  
a g a in s t  the  age o f  i n f e c t i o n  w i th  H, d im inu ta  o r  T, s p i r a l i s  
( F ig ,  4 -1 0 ) ,  Whi le  t h i s  is  u n s a t i s f a c t o r y  f o r  many reasons, no t  
l e a s t  the  lack o f  u n in fe c te d  c o n t r o l s  f o r  the  longer  i n f e c t i o n s ,  
i t  does g iv e  an Idea o f  the  d i f f e r e n c e  in the  response o f  the MLN 
to  i n f e c t i o n  w i t h  these two p a r a s i t e s .  In mice in fe c te d  w i th  
T,  s p i r a l i s ,  the  number o f  c e l l s  in  the  node increases r a p i d l y  
ove r  the f i r s t  few days o f  i n f e c t i o n  f rom a r e s t i n g  leve l  o f
7
about  4x10 c e l l s  per  node t o  a p la te au  (Wake I i n ,  personal  
communication) a t  about  8x10^ c e l l s  per  node by day 8 p . i .
In the  case o f  H. d im inu ta  i n f e c t i o n ,  however, the  c e l l  number 
increases much more s lo w l y ,  n o t  reach ing  7x10^ c e l l s  u n t i l  day 28 p , î ,  
( t h i s  l a t t e r  group rece ived  a c ha l le nge  i n f e c t i o n  on day 21 p , i , ) .
A l though the  v a r i a t i o n  betv/een the  groups and the  lack 
o f  c o n t r o l s  f o r  the  e f f e c t s  on the  node o f  maintenance under 
' c o n v e n t io n a l  c o n d i t i o n s '  make p re c is e  i n t e r p r e t a t i o n  d i f f i c u l t ,  
i t  i s  c l e a r  t h a t  the  response o f  the MLN t o  H. di mlnuta i n f e c t i o n  
is  much s lower  a n d /o r  less profound than the  response to  the 
presence o f  T,  s p i r a l i s .
F a c i n g  page 215
Figu re  4-10
The mean number o f  c e l l s  in  the MLN o f  NIH 
mice in f e c t e d  w i th  H. d im inu ta  (o) o r  
T .  s p i r a l i s  ( ) ,
Each p o i n t  rep resen ts  a s i n g l e  expe r iment ,  
and is  based on 5-10  mice (T ,  spi  r a l i s ) o r  
15-30 mice (H. d im in u t a ) .
#,  mean va lue  f o r  H. d im inu ta  expe r im en ts .  
T .  s p i r a l i s  (■' ) and H. d im inu ta















(^ .Oix) NllAl/siiaD io jeqainN
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DISCUSSION
Attempts  t o  t r a n s f e r  immunity a g a In s t  H. d im !nu ta  using 
MLNC from donors In fe c te d  w i th  f i v e  o r  s i x  worms were c o n s i s t e n t l y  
unsuccessfu l  w i th  5-7x10^ MLNC taken a t  v e r lo u s  t imes du r in g  a 
p r im ary  and secondary i n f e c t i o n ,  a l though  t h i s  number o f  c e l l s  i s  
h ig h e r  than the  t o t a l  number no rm a l l y  found in the  MLN o f  a s i n g l e  
mouse. Using 2x10^ MLNC per  r e c i p i e n t  (a d o n o r : r e c i p i e n t  r a t i o  o f  
about  4 : 1 ) ,  success fu l  r e d u c t io n  o f  the  worm burden o f  the  c e l l  
r e c i p i e n t s  was achieved w i th  c e l l s  taken on day 8 o f  a p r im ary  
i n f e c t i o n ,  bu t  more c o n v i n c i n g l y  so w i th  c e l l s  f rom day 21 p . i .  and 
day 7 o f  a secondary i n f e c t i o n  ( i . e .  a d i f f e r e n c e  in worm recovery  
was de tec ted  on day 7 o f  c h a l le n g e ,  be fo re  r e j e c t i o n  cou ld  have 
commenced in the  c o n t r o l s ) .  A l though t h i s  l a t t e r  f i n d i n g  was no t  
c o n s i s t e n t ,  the  repea t  exper iments  were c a r r i e d  o u t  a t  a t im e  when 
a p ro tozoa l  i n f e c t i o n  o f  the  i n t e s t i n e  (p robab ly  Hexamita  s p . )  was 
widespread both in ou r  own an imals  and in mice ob ta ined  from 
commercial s u p p l i e r s ,  and t h i s  may have a l t e r e d  the  behav iour  o f  the  
c e l l s  in both donors and r e c i p i e n t s .  1.3x10^ MLNC taken on day 4 
o f  a secondary i n f e c t i o n  caused no premature loss o f  H. d im inu ta  in 
c e l l  r e c i p i e n t s ,  so presumably the  minimum e f f e c t i v e  dose o f  MLNC
g
in t r a n s f e r r i n g  Immunity l i e s  between 1.3 and 2.0x10 c e l l s .
T r a n s fe r  o f  h igh  numbers o f  c e l l s  has a p p a re n t l y  no profound 
e f f e c t  on the  normal k i n e t i c s  o f  lymphocyte h a l f - l i f e  o r  thym ic  
o u tp u t  ( W a l l i s ,  Leuchars, Chaudhuri & Davies,  1979), bu t  2x10® 
lymphocytes rep resen ts  a ve ry  c o n s id e ra b le  a d d i t i o n  t o  the  lymphoid 
pool o f  the  mouse; es t im a tes  o f  the  t o t a l  number o f  T c e l l s  per  
mouse va ry  f rom 1,5x10® (Spren t ,  1973) t o  4x10® (Wa M i s  e t  a l . ,  1979).
R e je c t io n  o f  H. d im in u ta  f rom mice is  a ve ry  e f f e c t i v e  and
217
r a p id  process,  comparable t o  T,  s p i r a l i s  no t  o n ly  in t h a t  they are
both i n t e s t i n a l  p a r a s i t e s ,  b u t  a l s o  In t h a t  both p a r a s i t e s  are
r e je c te d  im m uno log ica l l y  by th e  mouse v ia  a thymus-dependent process
(Bland, 1976a; Wake I in & W i lson ,  I979_a) ove r  a s i m i l a r  t im e -s c a le
( th e  p resen t  s tudy ;  WakeIIn & L loyd ,  I976_a). Response t o  a secondary
i n f e c t i o n  is  ve ry  r a p id  in  both h o s t - p a r a s i t e  systems (Hopkins &
Za jac ,  1976; Wakel in & L loyd ,  I976_a), and a l o n g - l a s t i n g  immunological
memory a f t e r  i n f e c t i o n  is  a l s o  common to  both (Hopkins,  1980;
Wakel in & L loyd,  1976^).
However, the  c e l l u l a r  k i n e t i c s  o f  the response t o  T.  s p i r a l i s
d i f f e r  p ro found ly  f rom those o f  the  response t o  H. d im inu ta  in mice.
C e l l s  capable o f  t r a n s f e r r i n g  immunity aga i n s t  T. s p i r a l i s  appear
in the  MLN o f  i n fe c te d  mice as e a r l y  as day 4 p . i ,  (Wakel in &
W i lson ,  I977_a), On day 8 p . i . ,  which is  cons idered by Wakel in &
Lloyd (I976_b) t o  be the  day when most e f f e c t i v e  t r a n s f e r  o f  immunity
is  ob ta in e d ,  i t  i s  p o s s ib le  t o  t r a n s f e r  immunity a g a In s t  T,  s p i r a l i s
w i th  as few as Ix lO^ MLNC (Wakel in & W ilson ,  1977a) o r  3x10® T c e l l s
(Wakel in & W i lson ,  1979^).  Not o n l y  was a large number o f  c e l l s
necessary f o r  success fu l  t r a n s f e r  o f  immuni ty,  bu t  a l s o  the most
e f f e c t i v e  c e l l s  were ob ta ined  a f t e r  day 8 p . i .  w i t h  H , d im !n u ta ,
The d i f f e r e n c e s  between the  two systems are f u r t h e r  e x e m p l i f i e d
by the  exper iments  i n v e s t i g a t i n g  lymphocyte t r a f f i c  t o  the  smal l
i n t e s t i n e .  However, be fo re  d i s c u s s in g  the r e s u l t s  o b ta in e d ,  i t  Is
necessary t o  look c r i t i c a l l y  a t  the techn iques  used.
75L-(  Se) -s e Ie n o m e th io n !ne is  taken up by c e l l s  in a manner a lmost
i n d i s t i n g u i s h a b l e  f rom the  s u lp h u r  analogue m eth ion ine  (Yousef &
Lu ick ,  1969), and has been recommended as a label  f o r  lymphocytes
(B a in b r id g e ,  1976; Rose & Mick lem, 1976) w i th  p r o p e r t i e s  s i m i l a r  
5 1t o  Cr as regards d i s t r i b u t i o n  a f t e r  i n j e c t i o n  o f  l a b e l l e d  c e l l s .
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w h i l e  being markedly less t o x i c  than ®*Cr (Ro ls tad  & Toogood, 1978),
75L-(  S e ) -s e le n o m e th io n ine was c r i t i c i s e d  by Rannie & Donald (1977) 
f o r  the  degree o f  u t i l i s a t i o n  o f  the  label  a f t e r  e l u t i o n  f rom the  
lymphocytes,  b u t  as B a inb r idge  (1976) p o in t s  o u t ,  e l u t i o n  tends t o  
occu r  o n l y  in l o w -d e n s i ty  accumula t ions  o f  lymphocytes,  so i t  is  
p o s s ib le  t h a t  r e u t i l i s e d  label  in non- lymphoid t i s s u e  is  a r e f l e c t i o n  
o f  the  passage o f  lymphocytes th rough theorgan as w e l l  as the 
r a d i o a c t i v i t y  con ta ined  In the  lymphocytes in the t i s s u e  a t  the  
t im e  o f  measurement o f  r a d i o a c t i v i t y .  I n je c te d  se lenometh ion ine  has 
a p ro p e n s i t y  f o r  l o c a l i s a t i o n  In the  l i v e r  and smal l  I n t e s t i n e  
(B a inb r idg e ,  1976; Rose & Micklem, 1976), Owing t o  lack o f  t im e 
the  proper  c o n t r o l s  o f  measurement o f  f r e e  iso tope  t r a n s f e r r e d  w i th  
the  lymphocytes were no t  conducted in the p resen t  s tudy ,  an omiss ion 
t h a t  does no t  n e c e s s a r i l y  i n v a l i d a t e  the r e s u l t s  ob ta in e d ;  w h i l e  the 
h igh  l i v e r  counts recorded in the  p resen t  s tudy  i n d i c a t e  some 
con tam ina t ion  o f  the  c e l l s  w i th  f r e e  iso tope  (see B a in b r id g e ,  1976), 
t h i s  would tend t o  make the techn ique  less s e n s i t i v e  r a t h e r  than 
use less .
Bear ing  these  caveats  in  mind, d i f f e r e n c e s  in the  percentage 
o f  the i n j e c t e d  labe l  (%ID) and in the  d i s t r i b u t i o n  o f  the  recovered 
label  in the major  abdominal organs were found in mice i n f e c t e d  w i th  
T .  s p i r a l i s  ; t h e  d i f f e r e n c e s  In the  smal l i n t e s t i n e  counts were 
comparable to  those descr ibed  by Rose e t  a l , (I976_a) us ing the  
b l a s t  c e l l  label  ( 1 ) i o d o - d e o x y u r l d ine ( *^®lUdR).  In mice in fe c te d  
w i th  H. d im inu ta  t h e r e  was, however, no a p p re c ia b le  change in the 
number o f  c e l l s  a r r i v i n g  a t  the  smal l  i n t e s t i n e  a t  4, 6 o r  8 days p . i .  
compared w i th  u n in fe c te d  mice.  The o t h e r  organs (MLN, spleen and 
l i v e r )  sometimes showed d i f f e r e n c e s  from c o n t r o l  r e s u l t s ,  bu t  
the  o n ly  major  d i f f e r e n c e  was t h a t  observed in the  MLN o f  mice
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on day 4 o f  a 5 0 - c y s t i c e r c o i d  i n f e c t i o n .  I n d i c a t i n g  some degree 
o f  t r a p p in g  o f  the  l a b e l le d  c e l l s  by the  MLN.
In the  expe r imen t  us ing  mice w i th  a secondary i n f e c t i o n
o f  H. d im in u ta , th e re  were s u b s t a n t i a l  increases in  the  ^ ID  f o r
a l l  f o u r  o rgans,  bu t  the  ^TR va lues remained u n a l te re d  ( i . e .  th e re
was no r e d i s t r i b u t i o n  o f  labe l  t h a t  would i n d i c a t e ,  f o r  example, t h a t
the  smal l i n t e s t i n e  was a more a t t r a c t i v e  s i t e  when I n fe c te d  ) .
T h is  h i g h l i g h t s  ano the r  problem In the  i n t e r p r e t a t i o n  o f  the  r e s u l t s
on c e l l  t r a f f i c  p resented in  t h i s  Chapter ,  namely th e  use o f  c e l l s
from u n in fe c te d  donors f o r  u n in fe c te d  r e c i p i e n t s ,  and I n fe c te d  donors
f o r  I n fe c te d  r e c i p i e n t s .  Whi le  t h i s  may g ive  a more accu ra te
impression  o f  what is  a c t u a l l y  happening In v i v o , the  r i s k  i s  t h a t
in  t r a n s f e r r i n g  d i f f e r e n t  p o p u la t io n s  o f  c e l l s ,  p o s s ib l y  w i th
d i f f e r i n g  percentages o f  b l a s t  c e l l s  and thus  a d i f f e r i n g  p a t t e r n
o f  Iso tope  uptake,  the  d i f f e r e n c e s  observed may be a c h a r a c t e r i s t i c
o f  the  c e l l s  used and no t  o f  the  a t t r a c t i v e n e s s  o f  the  in fe c te d
smal l  i n t e s t i n e .  Some s u p p o r t  f rom t h i s  comes from the  f a c t  t h a t
the  t o t a l  recovered r a d i o a c t i v i t y  was not  th e  same f o r  i n f e c t e d  and
u n in fe c te d  groups, a l though  th e re  are p o s s ib l y  t e c h n i c a l  reasons
tke ie  were
f o r  t h i s  phenomenon (see Resu l ts  s e c t io n  2 b ) ,  However,^no Im po r tan t  
d i f f e r e n c e s  between c o n t r o l  and in f e c t e d  (day 4 p.  I . ,  f i v e  
c y s t i c e r c o i d s ) mice when na ive  c e l l s  were used f o r  u n in fe c te d  and 
i n f e c t e d  r e c i p i e n t s .  Th is  f u r t h e r  con f i rm s  the d i f f e r e n c e  between 
H, d im inu ta  and T. s p i r a l i s  i n f e c t i o n s ,  as Rose e t  a l . (1976^) were 
ab le  t o  d e te c t  a d i f f e r e n c e  between u n in fe c te d  r e c i p i e n t s  and mice 
in f e c t e d  w i th  T.  s p i r a l i s  f o u r  days p r e v io u s l y ,  us ing  c e l l s  from 
u n in fe c te d  donors.
I f  t h e re  were an enhanced movement o f  c e l l s  f rom th e  MLN t o  
the  in fe c te d  i n t e s t i n e ,  i t  i s  reasonab le t o  expec t  t h i s  t o  oc c u r
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w i t h i n  the  f i r s t  e i g h t  days o f  i n f e c t i o n  w i t h  H. d im inu ta  ( i . e .  
be fo re  r e j e c t i o n  commences), and indeed Rose e t  a l . ( I97ô£)  found 
enhanced m ig ra t io n  o f  lymphoblasts  t o  the  smal l i n t e s t i n e  o f  mice 
a f t e r  2 and 4 days o f  i n f e c t i o n  w i th  T.  s p i r a l i s , bu t  no t  t h e r e a f t e r ,  
T h is  c o in c id e s  te m p o ra l l y  w i t h  in tense  a c t i v i t y  In the  MLN ( F ig .
4-10) ; th e  slow response o f  the  MLN t o  the  presence o f  H, d im inu ta  
i s  f u r t h e r  evidence o f  the  low-key na tu re  o f  the r e a c t io n  t o  t h i s  
p a r a s i t e .
What then do the  exper iments  presen ted here t e l l  us o f  
the  c e l l u l a r  even ts  lead ing  up t o  r e j e c t i o n  o f  H, d im !n u ta ?
The f i r s t  p o s s i b i l i t y  i s  t h a t  the  MLN Is the  source o f  a smal l  
p o p u la t io n  o f  lymphocytes which are very  e f f i c i e n t  In caus ing 
expu ls ion  o f  H. d i m i n u t a . In i n j e c t i n g  MLNC t o  t r y  t o  t r a n s f e r  
immunity,  th e  number o f  these c e l l s  a c t u a l l y  reach ing  the  i n t e s t i n e  
may be too  smal l  t o  be e f f e c t i v e  In causing e x p u ls io n .  I t  cou ld  
be argued t h a t  the  in f lamm at ion  in the  body w a l l  and the  s k in  
caused by su rge ry  m ight  d i v e r t  lymphocytes t o  those s i t e s ,  the reby  
reduc ing  the  number o f  c e l l s  reach ing  the  lamina p r o p r i a .  However, 
as Rose e t  a l . (1976b) found t h a t  MLNC were no t  e a s i l y  d i v e r t e d  t o  
p e r ip h e ra l  s i t e s  o f  in f la m m a t io n ,  t h i s  p r o p o s i t i o n  seems u n l i k e l y .  
There Is  the  p o s s i b i l i t y  t h a t  the  NIH mice used were no t  f u l l y  
inb red ,  bu t  the success fu l  r e s u l t s  w i th  NIH mice g iven c e l l s  two 
weeks b e fo re  cha l le nge  (V/akel in & W i lson ,  1977^) argue a g a in s t  t h i s .
An a l t e r n a t i v e  p o s s i b i l i t y  is  t h a t  the  MLN, a l though i t  
a p p a re n t l y  en la rges  s lo w ly  In response t o  H. d im !nu ta  I n f e c t i o n ,  
i s  n o t  the  gen e ra t ing  s i t e  o f  the  Immune response a f t e r  ^seeding* 
w i t h  c e l l s  f rom P e y e r ' s  pa tches .  I t  Is  ex t rem e ly  u n l i k e l y  t h a t  the 
sp leen Is  in vo lved  in  v iew o f  the  almost  unde tec tab le  le v e ls  o f  
an t i -wo rm  an t ib ody  p resen t  rn the  serum (see General I n t r o d u c t i o n ) ,
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and the  most p rom is ing  a l t e r n a t i v e  i s  t h a t  the  Payeras patches 
a re  the  d i r e c t  source o f  c e l l s  a c t i v e  a g a in s t  H, d i m i n u t a . These 
c e l l s  cou ld  e i t h e r  pass th rough the MLN o r  m ig ra te  l a t e r a l l y  i n t o  
the  lamina p r o p r i a .  Using T . c o t u b r i f o r m i s  in  the g u in e a -p ig ,  DIneen 
e t  a l . (1968) found t h a t  Peyer*s patch lymohocytes cou ld  t r a n s f e r  
invnuni ty t o  na ive  r e c i p i e n t s ,  and would a l s o  m ig ra te  in  increased 
numbers t o  the  smal l  i n t e s t i n e  o f  i n f e c t e d  an im a ls .  In r a t s  i n f e c t e d  
w i t h  T .  s p i r a l i s , Peyer*s patch c e l l s  which are r e a c t i v e  t o  worm 
an t ig en  do n o t  appear  u n t i l  12-21 days a f t e r  i n f e c t i o n
(L e v in ,  O ttesen,  Reynolds & K i r k p a t r i c k ,  1976),. bu t  both  s tu d ie s  
i n d i c a t e  t h a t  Peye r ’ s patch c e l l s  may be invo lved  In the  response 
t o  i n t e s t i n a l  p a r a s i t e s .  A l though l a t e r a l  m ig r a t io n  f rom Payer ’ s 
patches Is p robab ly  n o t  a m a jo r  rou te  o f  p o p u la t io n  o f  the  lamina 
p r o p r i a  w i th  lymphocytes (Cebra, Kamat, G earhar t ,  Robertson & Tseng,
1977), M u l le r -Schoop  & Good (1975) noted a h ig h e r  c o n c e n t r a t i o n  o f  
IgA-produc ing  lymphocytes in the  areas around Peye r ’ s patches,  and 
P a r r o t t  & Ferguson (1974) demonstrated t h a t  f i n e  e f f e r e n t  lymphat ics  
run from the  Peyer ’ s patches t o  the  a d jac en t  v i l l i ,  and t h a t  l a b e l l e d  
lymphocytes can be seen t o  pass along these lym pha t ics .
A l though i t  is  a s u b j e c t i v e  impress ion (and t h e r e f o r e  no t  
p a r t i c u l a r l y  r e l i a b l e ) ,  I have n o t i c e d  t h a t  the  Pe ye r ’ s patches o f  
an imals  c h r o n i c a l l y  i n f e c t e d  w i t h  H. microstoma are la rge  and 
p rom inen t .  As H. microstoma and H. di mi nuta c r o s s - r e a c t  immunolog icaI I  y , 
(Hopk ins e t  a l . ,  1977), t h i s  adds w e ig h t  t o  the  p o s s i b i l i t y  t h a t  
Peyer ’ s patches are in v o lv e d  in  th e  response t o  H. dlmi n u t a .
A t h i r d  a l t e r n a t i v e  i s  t h a t  the  smal l  i n t e s t i n e  i t s e l f  
cou ld  be the  source o f  the  e f f e c t o r  lymphocytes;  t h e r e  are numerous 
l o n g - l i v e d  smal l  lymphocytes t o  be found In the  lamina p r o p r i a  and 
e p i t h e l i u m  (Lemmel & F i c h te ’l i u s ,  1971; Ropke & E v e r e t t ,  1976), and
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i t  i s  p o s s ib le  t h a t  these c e l l s  are  s t im u la te d  and d i v i d e  in  s i t u , 
the  w a l l  o f  the  i n t e s t i n e  be ing the  s i t e  o f  g e n e ra t io n  and exp ress ion  
o f  the  immune response t o  the  presence o f  H, d i m i n u t a .
F u r t h e r  i n v e s t i g a t i o n s  o f  c e l l  t r a n s f e r  and c e l l  m ig r a t io n  
shou ld  t h e r e f o r e  in c lu d e  i n v e s t i g a t i o n  o f  Peyer ’ s patch c e l l s  as 
w e l l  as MLNC. Fu tu re  exper iments  shou ld  a l s o  be based on much 
h e a v ie r  i n f e c t i o n s  w i th  H. d im in u t a ; a l though f i v e  worms s t im u la t e  
a f a s t  response and good irrmunol ogi ca I memory, g i v i n g  50 o r  100 
H. d im inu ta  would perhaps magni fy  the  e f f e c t s  on the  immune system 
t o  a measurable l e v e l .  T , s p i r a l i s  in  the  mouse s t im u la t e s  gross 
in f lam m at ion  o f  the smal l  i n t e s t i n e ,  which may a c t  as an a m p l i f y i n g  
system o f  the  e f f e c t s  t h a t  cou ld  have e x p e l le d  lower numbers o f  worms; 
indeed, smal l  numbers o f  T .  s p i r a l i s  are r e je c te d  by mice w i t h o u t  
any gross in f lam m at ion  (V/akel in & L loyd,  1976^; V/ake l in ,  personal  
communica t ion) ,  bu t  whether  c e l l u l a r  t r a n s f e r  o f  immunity a g a in s t  
T.  s p i r a l i s  would be success fu l  w i t h  low numbers o f  p a ra s i t e s  
remains t o  be de te rm ined .
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SUMMARY
t .  Syngeneic t r a n s f e r  o f  m esen te r ic  lymph node c e l l s  (MLNC) was 
used t o  s tudy  t r a n s f e r  o f  immunity a g a in s t  H. dimi nuta between 
mice, and t o  i n v e s t i g a t e  the  a t t r a c t i v e n e s s  o f  the  in fe c te d  
smal l  i n t e s t i n e  t o  i s o t o p i c a I I y - l a b e l  led lymphocytes,
2.  Enhanced responsiveness  t o  H. d im inu ta  was not  t r a n s f e r a b l e
g
w i th  fewer than 1,7x10 MLNC, which represen ts  a 4:1 
d o n o r : r e c i p i e n t  r a t i o  and r e s t r i c t s  the f u t u r e  use fu lness  o f  
the  te c hn ique ;  immunity was more e f f e c t i v e l y  t r a n s f e r r e d  w i th  
MLNC taken a t  day 21 p . i ,  than day 8 p , i .  The r e s u l t s  ob ta ined  
are d iscussed in r e l a t i o n  t o  the  c o n d i t i o n s  f o r  t r a n s f e r  o f  
immunity a g a in s t  T . s p i r a l i s  in mice,
3o No d i f f e r e n c e  was recorded in th e  amount o f  i so top e  recovered
from the smal l  i n t e s t i n e  o f  c o n t r o l  and H. d im in u ta - i n f e c t e d
mice i n j e c t e d  w i th  i s o t o p i c a l l y  l a b e l l e d  MLNC, The l i m i t a t i o n s
75on i n t e r p r e t a t i o n  imposed by the  use o f  ( S e )s e le n o m e th io n ine 
as a label  f o r  lymphocytes and by the  p r o to c o l s  used are 
d iscussed;  i t  i s  concluded t h a t  s tudy  o f  lymphocyte t r a f f i c  in 
mice in f e c t e d  w i t h  H. d im inu ta  i s  a p o t e n t i a l l y  reward ing  f i e l d ,  
b u t  i t  is  s t res s e d  t h a t  much more s e n s i t i v e  techn iques  are 
r e q u i re d ,  p o s s i b l y  in  c o n ju n c t io n  w i th  h e a v ie r  i n f e c t i o n s ,
4,  A l t e r n a t i v e s  t o  the  MLN as g e n e ra t in g  s i t e s  o f  the  Immune
response t o  H. d im !nu ta  are  cons ide red ,  and i t  i s  suggested t h a t  
f u t u r e  work in c lud es  i n v e s t i g a t i o n  o f  Peyer ’ s pa tches .
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APPENDIX
THE EFFECT OF AGE ON INFECT IVITY 
OF HYMENOLEPIS DIMINUTA CYSTICERCOIDS
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INTRODUCTION
One group o f  parameters t h a t  must be e s ta b l i s h e d  in 
exper imenta l  h o s t - p a r a s i t e  research Is the  c o n d i t i o n s  under which 
eggs o r  la rvae  matu re ,  become i n f e c t i v e ,  and remain i n f e c t i v e .
For H, dimi n u ta , the  development o f  t h e  c y s t i c e r c o i d  in  the  
In te rm e d ia te  hos t  T r i b o l i u m  conf u s urn has been e x t e n s i v e l y  s t u d ie d .
The in f l u e n c e  o f  env i ronmenta l  tempera tu re  on the  r a te  o f  
development o f  t h e  o y s t i o e r c o id  t o  m a t u r i t y  was desc r ibed  in d e t a i l  
by Voge & T u rne r  (1956),  who found t h a t  a t  25°C o y s t i c e r c o i d s  were 
f u l l y  mature by 14 days a f t e r  i n f e c t i o n  o f  the  b e e t l e  w i th  eggs.
T h is  was the  c o n d i t i o n  under which c y s t i c e r c o i d s  were m a in ta ined  
in ou r  l a b o r a to r y ,  and in  a l l  th e  exper iments  rep o r te d  in t h i s  
t h e s i s ,  c y s t i c e r c o i d s  were a l lowed  t o  mature f o r  a t  le a s t  21 days 
t o  g ive  a reasonab le s a f e t y  marg in .
For what length  o f  t im e  t h e  c y s t i c e r c o i d s  remain i n f e c t i v e  
has, as f a r  as I know, never  been f u l l y  s t u d ie d .  S c h i l l e r  (1959^) ,  
work ing  w i th  H.nana in  T.  confusum, repo r ted  t h a t  "most o f  the  
la rvae encysted in  the  haemocoele a re  capable o f  rema in ing  a l i v e  
and i n f e c t i v e  th ro ugho u t  th e  l i f e  o f  the  i n f e c t i v e  h o s t "  (b e e t le s  
kep t  a t  2 8 ^ 0 ,  Other workers i n v e s t i g a t i n g  the  l o n g e v i t y  o f  
c y s t i c e r c o i d s  have extended t h e i r  s t u d ie s  o n ly  over  th e  f i r s t  s i x  
months o f  i n f e c t i o n .  Evans (1973) found t h a t  c y s t i c e r c o i d s  o f  
HymenoIepÎ s spp. e x c y s t  no rm a l l y  a t  f o u r  months o l d ,  c o n f i r m in g  
th e  work o f  G e r r i s  & De Rycke (1972),  which showed t h a t  c y s t I c e r c o i d s  
o f  H. microstoma aged two weeks t o  f i v e  months d id  not  d i f f e r  in  
t h e i r  a b i l i t y  t o  e x c y s t ,
Befus ( 1975^, p.  29) t e n t a t i v e l y  a t t r i b u t e d  a poor recovery  
o f  H, d im inu ta  t o  the  age o f ' t h e  c y s t i c e r c o i d s  (7 months) ,  and
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po in ted  ou t  the  lack o f  knowledge o f  the  i n f e c t ! v i t y  o f  the  
c y s t i c e r c o i d s  o l d e r  than 5-6  months. I t  was t o  f i l l  t h i s  gap 
in  ou r  knowledge t h a t  the  p resen t  s tudy  was c a r r i e d  o u t ,
MATERIALS & METHODS
As descr ibed  in  General M a te r i a l s  & Methods, c y s t i c e r c o i d s  
were main ta ined in T.  confusum kep t  in dark Incuba to rs  a t  25^C, 
C y s t i c e r c o id s  were recovered by hand, and were adm in is te red  t o  
mice w i t h i n  one hour  o f  i s o l a t i o n  f rom the  in te rm e d ia te  h o s t ,
RESULTS & DISCUSSION
Two exper iments  were c a r r i e d  o u t ,  both w i th  CFLP mice 
b u t  w i th  d i f f e r i n g  expe r imen ta l  p r o t o c o l s .  In the  f i r s t  exper iment  
(Exp t ,  I )  mice were in fe c te d  w i th  f i v e  c y s t i c e r c o i d s . One group 
o f  mice rece ived  c y s t i c e r c o i d s  t h a t  were one month o l d ,  the 
second c y s t i c e r c o i d s  t h a t  were f i v e  months o l d ,  and the  t h i r d  
c y s t i c e r c o i d s  t h a t  were 10 months o l d .  Mice were au tops ied  on 
day 8 p . i .  and the worms from each i n d i v i d u a l  mouse were weighed 
t o g e th e r .
In the second expe r im en t ,  mice were each in fe c te d  w i th  a 
s i n g l e  c y s t i c e r c o i d  in o rd e r  t o  e l im in a t e  crowding e f f e c t s .  Three 
groups o f  mice were aga in  used; t h i s  t im e ,  the  c y s t i c e r c o i d s  were 
2,  7 and 12 months o l d .  A l l  mice in  t h i s  exper iment  (Exp t ,  2) 
were t r e a te d  w i th  c o r t i s o n e ,  and were au tops ied  on day 10 p . i .
The combined r e s u l t s  o f  both  exper iments  are shown in  F ig ,  A - I .
Up t o  f i v e  months o f  age, e s ta b l is h m e n t  o f  worms was 
e s s e n t i a l l y  100%; the  recovery  o f  one month o ld  worms (84%) may
F a c in g  page 227
F igu re  A- I
Recovery (%) o f  H« d im inu ta  f rom i n f e c t i o n s  o f  
CFLP mice w i th  c y s t i c e r c o i d s  o f  d i f f e r i n g  ages. 
o, Exp t.  I ( f I v e - c y s t i c e r c o i d  i n f e c t i o n )
#,  Exp t .  2 ( o n e - c y s t i c e r c o i d  i n f e c t i o n )
S u p e r s c r i p t s  show th e  t o t a l  number o f  c y s t i c e r c o i d s  
adm in is te red  t o  t h a t  group o f  mice; curve f i t t e d  





































have been lower because o f  s t u n t i n g  o r  des t rob i  l a t i o n  o f  some 
o f  the  worms, and the  f i g u r e  f o r  the  two month o l d  c y s t i c e r c o i d s  
(89%) rep resen ts  a s i n g l e  worm no t  recovered.  V i a b i l i t y  a t  seven 
months was on ly  33%, and d ec l in ed  f u r t h e r  t o  14% a t  ten months 
and 0% a t  12 months.  The mean w e igh t  per  s u r v i v i n g  worm was 
always lower in  the  i n f e c t i o n s  w i t h  o l d e r  c y s t i c e r c o i d s ,  bu t  
i n s u f f i c i e n t  data were a v a i l a b l e  t o  ass ign s i g n i f i c a n c e  t o  t h i s  
r e s u l t .
The i m p l i c a t i o n  f rom these exper iments  i s ,  t h e r e f o r e ,  t h a t  
a l though  c y s t i c e r c o i d s  are n o rm a l l y  v i a b le  a t  f i v e  months o ld  
(see I n t r o d u c t i o n  and F ig .  A - I ) ,  t he  v i a b i l i t y  drops s h a rp ly  
t h e r e a f t e r ,  less than one t h i r d  o f  the  c y s t i c e r c o i d s  remain ing 
i n f e c t i v e  a t  seven months o l d .  There are p robab ly  severa l  f a c t o r s  
which may a f f e c t  the r a te  o f  senescence in the  c y s t i c e r c o i d ,  
such as spec ies  o r  s t r a i n  o f  e i t h e r  the p a r a s i t e  o r  the  in te rm e d ia te  
ho s t ,  the  number o f  c y s t i c e r c o i d s  c a r r i e d  by the  in te rm e d ia te  
h o s t ,  o r  the  tempera tu re  a t  which the  in fe c te d  b e e t le s  are 
m a in ta ined .  Each o f  these f a c t o r s  may shor ten  o r  p ro long  the 
i n f e c t i v e  l i f e s p a n  o f  th e  c y s t i c e r c o i d ,  bu t  as h ig h e r  tempera tu res  
g r e a t l y  a c c e le ra te  the  speed o f  development o f  the c y s t i c e r c o i d  
f rom the  oncosphere (Voge & T u rne r ,  1956), i t  seems probab le  
t h a t  h ig h e r  tempera tu res  would a ls o  hasten the  senescence process .
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GENERAL DISCUSSION
Hymenolepis  d im inu ta  in the  mouse is a f a s c i n a t i n g  model.
The s w i f t ,  e f f i c i e n t  r e j e c t i o n  o f  t h i s  p a r a s i t e  c o n t r a s t s  s h a r p l y  
w i th  the  no less f a s c i n a t i n g  c h r o n i c  na tu re  o f  lo w - le v e l  i n f e c t i o n s  
w i t h  H, d im inu ta  in  the  r a t  ( e .g .  Chappell  & P ike ,  1976^, _b) and 
H. microstoma in  the  mouse (Hopkins e t  a l . ,  1977). The a p p a re n t l y  
complete lack o f  damage t o  th e  mucosa in  i n f e c t i o n s  w i t h  H. d im inu ta  
(T u r ton ,  1968) pu ts  t h i s  p a r a s i t e  in  a separa te  c la s s  f rom many 
o t h e r  p a r a s i t i c  i n f e c t i o n s ;  i t  i s  a t r u l y  e n te ra l  p a r a s i t e ,  and 
the  immune responses d i r e c t e d  a g a in s t  the  worm are i n t e s t i n a l  
responses in the  p u r e s t  sense.
Study o f  H. d im inu ta  in the  mouse has reached the  awkward 
s tage where the  bas ic  k i n e t i c s  and c h a r a c t e r i s t i c s  o f  r e j e c t i o n  are  
w e l i  e s t a b l i s h e d ,  bu t  no t  enough completed work e x i s t s  t o  a l lo w  
the  a p p l i c a t i o n  o f  s o p h i s t i c a t e d  immunological  tec hn iques ;  t h i s  
problem is  f u r t h e r  compounded by the  apparent  d i s s i m i l a r i t y  in the  
mechanism o f  r e j e c t i o n  between H. d im inu ta  and th e  w e l l - e s t a b l i s h e d  
nematode models. T h is  t h e s i s ,  I hope, w i l l  form a f u r t h e r  p a r t  
o f  the  b r id g e  between H. d im inu ta  being a novel and a w e l l - e s t a b l i s h e d ,  
p r a c t i c a l  exper imenta l  h o s t - p a r a s i t e  model.
Be fo re  d i s c u s s in g  the  I m p l i c a t i o n s  o f  the  work presented in 
t h i s  t h e s i s ,  I f e e l  i t  necessary (and, f o r  f u t u r e  workers ,  perhaps 
u s e f u l )  t o  say a l i t t l e  about  the  t e c h n i c a l  problems encountered 
du r in g  t h i s  s tudy  which a f f e c t e d  e i t h e r  the  r e s u l t s  p r  the  q u a n t i t y
o f  work t h a t  i t  was p o s s ib le  t o  c a r r y  o u t .
F i r s t l y ,  H. d im inu ta  In the  mouse is  a ve ry  v a r i a b l e  system,
as can be seen from many o f - t h e  graphs presen ted in  t h i s  t h e s i s .
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Al though h ig h e r  l e v e ls  o f  i n f e c t i o n  .(up t o  6 o r  8 c y s t i  cerco  i ds ) 
decrease the  v a r i a b i l i t y  s u b s t a n t i a l l y  (Befus ,  1975),  th e re  was 
s t i l l  a c o n s id e ra b le  v a r i a t i o n  between exper iments  conducted 
a t  d i f f e r e n t  t im es ,  in  terms o f  the  t im in g  o f  the  onse t  and 
com p le t ion  o f  r e j e c t i o n  o f  the  worms. V a r i a b i l i t y  in the  r e s u l t s  
appeared lower in inbred mice o f  the  NIH s t r a i n ,  bu t  was no t  
e l im in a te d  by any means. Concur ren t  i n f e c t i o n s  w i t h  p ro tozoa l  and 
v i r a l  organisms encountered in 'c o n v e n t io n a l  c o n d i t i o n s '  p robab ly  
c o n t r i b u t e  enormously t o  t h i s  v a r i a b i l i t y .
The second major  problem was the  e x te n s iv e  use o f  s u r g i c a l  
i n f e c t i o n  in the  exper iments  repo r te d  in  t h i s  t h e s i s .  S u rg ica l  
i n f e c t i o n  is  a much more p r e d i c t a b le  and s e n s i t i v e  method o f  
c h a l l e n g in g  mice, p a r t i c u l a r l y  o l d e r  mice, than o r a l l y - a d m in i s t e r e d  
c y t i c e r c o i d  i n f e c t i o n s .  However, the  t rauma o f  s u rge ry  must 
I n e v i t a b l y  a f f e c t  the  immune s t a tu s  o f  the mouse (Cooper, I r v i n g  
& T u r n b u l l ,  1974; K ln n a e r t ,  Mahleu & Van Geer truyden ,  1978), and 
a l s o  i t s  e a t in g  h a b i t s ,  so im po r tan t  when the  w e igh t  o f  worms is  a 
m a jo r  measured parameter .  Hopkins & Za jac  (1976) p o in ted  o u t  the  
d e s i r a b i l i t y  o f  be ing  ab le  t o  c h a l le n g e  mice w i t h  la rge  worms g iven 
per  os , p o s s i b l y  by use o f  i n h i b i t o r s  o f  ac id  s e c r e t i o n  a nd /o r  
drugs which decrease the  t r a n s i t  t im e  through the  stomach, the reby  
c i r c u m v e n t in g  s u rg e ry .  A p a r t  f rom the  b e n e f i t s  t o  be gained in 
terms o f  assess ing the  response o f  the  mouse, s u rge ry  is  a d i f f i c u l t  
and t i r i n g  techn ique  f o r  the  expe r im e n te r ,  and 16-18 o p e ra t io n s  
pe r  day rep resen ts  a maximum number t o  per fo rm  w h i l e  m a in ta in in g  
h igh  s tandards  o f  t e c hn ique .
In the  f i r s t  Chapter  i t  was demonstrated t h a t  both pregnancy 
and l a c t a t i o n  cause changes-which depress the  response o f  th e  mouse
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t o  H. dimi n u ta . Th is  was expressed as a reduced a b i l i t y  t o  e i t h e r  
l i m i t  growth o r  t o  e f f e c t  e x p u ls io n  o f  the p a r a s i t e .  Th is  i s  
c e r t a i n l y  o f  i n t e r e s t  in an e c o lo g i c a l  sense, in  t h a t  i t  has been 
recogn ised t h a t  pregnancy and l a c t a t i o n  ( p a r t i c u l a r l y  the  l a t t e r )  
a l lo w  p a r a s i t e s  t o  reach the  egg-p roduc ing  s tage ,  whereas they  
would p robab ly  be r e je c t e d  by normal hosts  be fo re  the  worms reach 
m a t u r i t y ;  t h i s  is  p roba b ly  the  case w i th  T r i c h u r l s  muris  (WakeI in ,  
1970; Selby & Wake I in ,  1975),  '
The thymus-dependency o f  the response o f  the  mouse t o  
H. d im inu ta  was e s ta b l i s h e d  by s tudy  o f  i n f e c t i o n s  in c o n g e n i t a l l y  
athymic  mice ( Isaak e t  a l . ,  1975; Bland, 1976^; Andreassen e t  a l . ,
1978), bu t  these exper iments  gave no in fo rm a t io n  about  the r o l e  
o f  an t ib ody  in the  h o s t - p a r a s i t e  r e l a t i o n s h i p ,  as an t ib ody  s y n th e s is  
n o rm a l l y  re q u i re s  T h e lp e r  c e l l  coop e ra t ion  (rev iewed by G i s l e r ,  
1977). Pregnancy and l a c t a t i o n  t h e r e f o r e  o f f e r e d  a use fu l  method 
f o r  c o n f i r m a t i o n  o f  the  T c e l l  dependency o f  the  response, and 
a l s o  o f  the  r o l e  o f  an t ib ody  in. r e j e c t i o n  o f  the p a r a s i t e ,  as 
pregnancy and l a c t a t i o n  cause depressed T e f f e c t o r  c e l l  responses 
and normal o r  enhanced a n t ib o d y  p ro d u c t io n  ( F a b r i s ,  1973; K e l l y  & 
O g i l v i e ,  1972).
The f i n d i n g s  t h a t  growth o f  the  worms was enhanced and 
t h a t  r e j e c t i o n  was i n h i b i t e d  in  p regnant  and ( p a r t i c u l a r l y )  l a c t a t i n g  
mice p rov ided s t ron g  ev idence t h a t  an t i -wo rm  a n t ib o d y  has no 
independant a c t io n  on the  worm. Th is  was c o n v in c i n g l y  suppor ted 
by the r e s u l t s  o f  the  exper iments  on maternal  t r a n s f e r  o f  immuni ty.  
Assuming t h a t  s p e c i f i c  an t i -w o rm  an t ib ody  is  manufactured in 
the  smal l I n t e s t i n e ,  i t  appears u n l i k e l y  t h a t  s e c r e t io n  o f  
t h i s  a n t ib o d y  would no t  occu r  in the  m i l k  ( A h I s te d t  e t  a t , ,  1977; 
McDermott  & B ienens tock ,  1979), As young mice have l i t t l e  o r  no
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c a p a c i t y  t o  mount t h e i r  own response t o  i n f e c t i o n  w i t h  H, d im inu ta  
(Befus & Fea the rs ton ,  1974),  s tudy  o f  maternal t r a n s f e r  o f  I g 
o f f e r e d  an idea l  system to  t e s t  the  a c t i v i t y  o f  an t i -wo rm  a n t ib o d y ,  
in the  even t ,  n e i t h e r  growth nor  s u r v i v a l  o f  the  worms in the 
o f f s p r i n g  o f  immunised mothers were a f f e c t e d ;  these exper iments  
t h e r e f o r e  suppor t  the  argument t h a t  a n t ib o d ie s  have no d i r e c t  e f f e c t  
on the worms, and c o n f i r m  the as y e t  unpub l ished work o f  Isaak (1976),  
who found t h a t  a b l a t i o n  o f  the  c a p a c i t y  t o  mount an t ib ody  responses 
(by t re a tm e n t  w i t h  a n t i - l g M  a n t i  serum) in mice d id  no t  remove 
the  a b i l i t y  t o  r e j e c t  H, d i m i n u t a .
Two major  aspects  o f  the  s tu d ie s  on pregnancy and l a c t a t i o n  
remain t o  be c h a r a c t e r i s e d .  F i r s t l y ,  the c o n t r i b u t i o n  o f  the  inc rease 
in  food in take  t o  the  increased growth o f  the worms should be 
determined more a c c u r a t e l y ,  in o rd e r  t o  ana lyse s e p a ra te l y  the  
apparent  depress ion  o f  the  f a c e t  o f  ~fhe immune response t h a t  no rm a l ly  
s t u n t s  growth o f  the  worms. I t  i s  d i f f i c u l t  t o  see how t h i s  cou ld  
be ach ieved ,  bu t  c lo s e  measurement o f  d i e t a r y  in ta k e  du r in g  pregnancy 
and l a c t a t i o n  would c e r t a i n l y  be u s e f u l .  Secondly,  the na tu re  o f  the  
agen t (s )  (hormonal o r  o th e rw is e )  t h a t  cause the  Immunodépression 
is  s t i l l  f a r  f rom c l e a r .  Th is  l a t t e r  problem, however, is  being 
s tu d ie d  by many immunologis ts  and e n d o c r i n o l o g i s t s  a t  the  p resen t  
t im e ,  and i t  i s  perhaps b e t t e r  t o  w a i t  u n t i l  a reasonab le concensus 
o f  o p in io n  has been reached be fo re  c o n t in u in g  research w i th  
H, d im inu ta  in t h i s  l i n e .
Chapter 2 e s ta b l i s h e d  t h a t  the  s t r o b i l a ,  o r  more p robab ly  the  
tegument o f  H, d im inu ta  is  the  major  source o f  the  immunogens t h a t  
s t im u la t e  the  p r o t e c t i v e  Immune response in the  mouse. The use o f  
worm t r a n s p l a n t a t i o n  techn iques  showed t h a t  smal l  worms were r e je c t e d  
more s lo w ly  than la rge  worms. Other exper iments in d ic a te d  t h a t  t h i s
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was no t  due t o  an a g e - r e la te d  d i f f e r e n c e  in the  worms themselves,  
bu t  represented a h ig h e r  a n t i g e n i c  o u tp u t  by the  worms w i th  more 
s t r o b i l a ,  i . e .  a l a r g e r  area o f  tegument .  I f  t h i s  is  so,  the 
enormous worms suppor ted by pregnant  and l a c t a t i n g  mice are 
more immunogenic than worms o f  the  same age in normal hos ts ;  when 
we add t o  t h i s  the  increased r e t e n t i o n  o f  these la rge  worms by 
th e  mice, i t  is  apparen t  t h a t  the  degree o f  Immunodépression in 
pregnancy and l a c t a t i o n  must be 'even g r e a te r  than a t  f i r s t  appears.
The con c lu s io n  t h a t  worms w i th  la rg e r  s u r fa c e  area are 
more Immunogenic was suppor ted  by exper iments in which worms s e v e re ly  
s tun ted  by heavy i r r a d i a t i o n  (35 krad) s t im u la te d  a much lower leve l  
o f  immunity t o  normal c h a l le n g e ,  and were themselves r e je c te d  more 
s lo w ly  than normal worms. The decrease in immunogenic i ty a f t e r  
i r r a d i a t i o n  c o n t r a s t s  markedly  w i th  the  inc rease in Immunogen id ty  o f  
i r r a d i a t e d  Schistosoma mansoni ( S i c k l e  e t  a l . ,  1979^) and 
Nematospiro i  des dubi us (Hagan, personal  communicat ion) in mice, bu t  
t h i s  is  ano the r  r e f l e c t i o n  o f  the  w h o l l y  lumenal na tu re  o f  H, d i m i n u t a . 
The tegument as a source o f  p r o t e c t i v e  an t ig en  f i t s  the 
e s ta b l i s h e d  o b s e rv a t io n s  t h a t  s u r g i c a l l y  implanted worms are r e je c te d  
more q u i c k l y  than o ra l  c y s t i c e r c o i d  worms in sham opera ted  hosts  
(Hopkins & Za jac ,  1976), and the  increased m e ta bo l ic  a c t i v i t y  per 
u n i t  we igh t  a t  the  a n t e r i o r  end o f  the  worm (Read e t  a l , ,  1963; 
Henderson, 1977) is  a v a l i d  e x p la n a t io n  o f  why mu I t i p I  e-worm i n f e c t i o n s  
are  e x p e l le d  e a r l i e r  than s i n g l e -  worm i n f e c t i o n s ,  even where the 
t o t a l  d ry  we igh t  o f  the  l a t t e r  exceeds the fo rm er .
Th is  p a r t  o f  the  s tudy  was i n i t i a t e d  p a r t l y  t o  he lp  i d e n t i f y  
the  source o f  the  immunogens f o r  f u t u r e  v a c c in a t io n  s t u d ie s ;  i t  
would be o f  no use t o  employ, f o r  example, homogenates o f  s t r o b i l a  
i f  the  p r o t e c t i v e  an t ig en  tu rned  o u t  t o  be produced e x c l u s i v e l y
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by the  s c o le x ,  o r  v i c e  v e r s a . In the even t,  the immunogens are 
p robab ly  re leased ove r  the  s u r fa c e  o f  the  e n t i r e  worm; s t r i p p e d  
tegument (Oaks e t  a l . ,  1977) o r  tegumental  g l y c o p r o t e in s  may prove 
t o  be v a lu a b le  in  v a c c i n a t i o n  w i t h  'dead '  m a t e r i a l ,  and the  use 
o f  young worms ( o r  the  a n t e r i o r  p a r t  o f  o l d e r  worms) is  in d ic a te d  
f o r  s tu d ie s  on an t igens  sec re ted  in c u l t u r e  o r  on immunisat ion by 
p a re n te ra l  im p la n ta t io n  o f  worms.
There is  a l s o  much t o  be s tu d ie d  in the s tu n te d  worms 
a r i s i n g  f rom i r r a d i a t e d  c y s t i c e r c o i d s . One can o n l y  assume t h a t  
these t i n y  worms were no t  de tec ted  by e a r l i e r  workers such as 
Vi l e i  I a e t  a l , ( i 9 6 0 ) ,  and th e re  a re ,  t h e r e f o r e ,  many p o s s ib le  
avenues o f  research open. In p a r t i c u l a r ,  m e ta bo l ic  s tu d ie s  t o  
determine the  h e a l th  o f  these worms in r e l a t i o n  t o  normal worms 
would be usefu l  in  c o n f i r m in g  t h a t  t h e i r  low a n t i g e n i c i t y  is  due 
t o  t h e i r  smal l s i z e  and no t  t o  the  damage i n f l i c t e d  on the m e ta bo l ic  
processes o f  the worm by the  r a d i a t i o n .  Morpho log ica l  and 
u I t r a s t r u c t u r a I  s tu d ie s  would prove very  i n t e r e s t i n g  no t  on I y per  se , 
bu t  a l s o  in assess ing  the  na tu re  o f  the damage t o  the  c e l l s  and 
th e  e x t e n t  t o  which the  normal morphology Is a l t e r e d .
Chapter 3 was a s tudy  t h a t  is  o f  c o n s id e ra b le  i n t e r e s t  w i th  
re s p e c t  t o  both HymenolepIs and T r i c h i n e ! l a . The in f lamm ato ry  
response o f  the mouse t o  T,  s p i r a l i s  w i l l  cause n o n - s p e c i f i c  e x pu ls ion  
o f  H, d im inu ta  (Behnke e t  a l . ,  1977) and o f  H, microstoma in  the  
f i r s t  few days o f  i n f e c t i o n ,  i , e ,  be fo re  the  s c o le x  en te rs  the  b i l e  
d u c t .  The response o f  the  r a t  t o  T.  s p i r a l i s  has a much less marked 
e f f e c t  on H. dimi n u ta , n e i t h e r  d e s t r o b i l a t i o n  nor  r e j e c t i o n  o f  
e s ta b l i s h e d  cestodes o c c u r r i n g ,  even in the  face o f  the  response t o  
heavy i n f e c t i o n s  w i t h  T,  s p i r a l i s . Th is  may r e f l e c t  a fundamental  
d i f f e r e n c e  in  the  mechanisms o f  expu ls ion  o f  T.  s p i r a l i s  by the
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mouse and r a t ,  r a t h e r  than the  lack  o f  a c e r t a i n  a c t i v e  component 
in  the  in f lammatory  r e a c t io n  o f  the  r a t .  I f  r e j e c t i o n  o f  T,  s p i r a l i s  
by the  r a t  depends on a n t ib o d y ,  p a r t i c u l a r l y  IgA, t o  a much g r e a t e r  
e x t e n t  than in  the  mouse (Despommier e t  a l . ,  I977jb; Wakel in & W i lson ,  
1979 ^ ) ,  t h i s  in t u r n  suggests  t h a t  r e j e c t i o n  o f  la rge  numbers 
o f  H, d im inu ta  by the  r a t  (Andreassen e t  a l , ,  1974^) assoc ia ted  w i t h  
s h o r t  term memory t o  ch a l le n g e  (Andreassen & Hopk ins,  I960) may 
a l s o  be dependant on s y n th e s is  o f  s p e c i f i c  an t i -wo rm  a n t ib o d y .  
Immunoglobul in on the  s u r fa c e  o f  H; d im inu ta  in r a t s  has been 
de tec ted  (Befus ,  1977; Threadgold  & Befus,  1977), bu t  f u r t h e r  
i n fo rm a t io n  on the Invo lvement  o f  an t ib ody  in the response o f  
r a t s  t o  T,  s p i r a l i s  and H. d im inu ta  i s  c l e a r l y  necessary .
The lack  o f  success in a t tempts  t o  t r a n s f e r  immunity a g a in s t  
H, d im inu ta  in mice w i th  MLNC (Chapter 4) was n o t  t o t a l l y  unexpected 
in view o f  B la n d 's  (1976b) p r e l i m in a r y  r e s u l t s ,  bu t  was d i s a p p o in t i n g  
n e v e r th e le s s .  So much can be deduced about  the  mechanisms o f  
e x pu ls ion  o f  a p a r a s i t e  by m a n ip u la t i o n  o f  lymphocyte t r a n s f e r  in 
c o n ju n c t io n  w i th  c e l l  s e p a ra t io n  and iso tope  l a b e l l i n g  tec hn iques ,  
and the  e s ta b l i s h m e n t  o f  a system f o r  c e l l u l a r  t r a n s f e r  o f  immunity 
a g a in s t  H, d im inu ta  would have opened many avenues o f  research ,  a l l  
the  more i n t e r e s t i n g  because e x p u ls io n  o f  H. d im inu ta  f rom the  
mouse appears t o  d i f f e r  in many ways from the w e l l - e s t a b l i s h e d  
nematode models such as T. s p i r a l i s , N, b r a s i 1 lens i s , T.  muris 
and T, c o l u b r i f o r m i s . A l though t r a n s f e r  o f  immunity aga i n s t  H, dimi nuta
g
was i n t e r m i t t e n t l y  ach ieved w i th  ove r  10 MLNC, the  la rge  number
o f  donors re q u i re d  and the  amount o f  work invo lved  in even the
s im p le s t  exper iment  makes t h i s  a d i f f i c u l t  success t o  e x p l o i t ,  I
8shou ld  a ls o  add t h a t  on more than one occas ion 2x10 MLNC g iven  i . v ,  
proved le th a l  t o  c e l l  r e c i p i e n t s  f o r  no apparent  reason, so the
236
number o f  exper iments  presented here  is  s m a l l e r  than i t  i d e a l l y  
would have been.
In the  l i g h t  o f  these r e s u l t s ,  i t  was h a r d l y  s u r p r i s i n g  
t h a t  I was unable t o  d e t e c t  any enhanced m ig ra t io n  o f  lymphocytes 
t o  the  smal l  i n t e s t i n e  in fe c te d  w i t h  H, d im in u ta .  The te c h n i c a l
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d e t a i l s  t h a t  caused problems in i n t e r p r e t a t i o n  o f  the r e s u l t s
ob ta ined  are  rehearsed in  th e  D iscuss ion  o f  Chapter 4,  and t a k in g
i n t o  account  the  l i m i t a t i o n s  on s e n s i t i v i t y  imposed by the  techn iques
employed, I fee l  t h a t  t h i s  rou te  o f  i n v e s t i g a t i o n  ( i s o to p e  uptake
by lymphocytes In v i t r o  and in v i v o , and t r a f f i c  o f  label  led
lymphocytes) p o t e n t i a l l y  s t i l l  has something t o  o f f e r .  F i r s t l y ,
75use o f  a general  lymphocyte label  (L - (  S e ) -s e le n o m e th io n ine) was 
perhaps unwise; the  reason ing a t  the  t im e was t h a t  any d i f f e r e n c e s  
in lymphocyte accumulat ion de tec ted  using t h i s  Iso tope cou ld  be 
d i f f e r e n t i a t e d  by use o f  la be ls  s p e c i f i c  f o r  lymphoblasts  o r  smal l 
Iymphocytes,
No exper iments  were c o n c lu s i v e  in dem ons t ra t ing  enhanced
accumula t ion  o f  lymphocytes In the smal l  i n t e s t i n e ,  b u t  as noted
above, the techn iques  employed may no t  have been s e n s i t i v e  enough.
The d i f f e r e n c e  in accum u la t ion ,  i f  i t  e x i s t s ,  i s  o b v io u s l y  a very
small  one, and f u t u r e  exper iments  (which I b e l i e v e  would prove ve ry
v a lu a b le  ) shou ld  be designed w i th  t h i s  in mind, T , s p i r a l i s  i n f e c t i o n
increases the  number o f  lymphoblasts  in  the  MLN by about  50% (Rose
e t  a l , ,  1976^),  and use o f  such c e l l  pop u la t io n s  in c o n ju n c t io n  w i th
125a label  s p e c i f i c  f o r  lymphoblasts  (such as lUdR) coupled w i th  
ve ry  h igh  le v e ls  o f  i n f e c t i o n  w i th  H, d im inu ta  would d e te c t  f a r  
more s e n s i t i v e l y  any d i f f e r e n c e s  in the  a t t r a c t i v e n e s s  o f  the smal l  
I n t e s t i n e  t o  lymphob las ts .
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Th is  t h e s i s  has t h e r e f o r e  presented r e s u l t s  t h a t  f u r t h e r  
d e f i n e ,  e i t h e r  p o s i t i v e l y  o r  n e g a t i v e l y ,  the  f a c t o r s  in vo lve d  in 
b r i n g in g  about  e x p u ls io n  o f  H. dimi nuta f rom the  mouse. The 
na tu re  o f  the  e f f e c t o r  mechanism which the mouse uses t o  f o rc e  
t h i s  la rge  metazoan t o  leave the i n t e s t i n e  w h i l e  s t i l l  a l i v e  
remains obscure ;  i t  must be s a id ,  though, t h a t  t h i s  i s  an unreso lved 
problem f o r  most,  i f  n o t  a l l ,  exper imenta l  i n t e s t i n a l  he lm in th  
systems. The way fo rward  in i n v e s t i g a t i o n  o f  H. d im inu ta  in the 
mouse must l i e  in s tudy  o f  the c e l l u l a r  changes In the i n t e s t i n e  
w a l l  d u r in g  the  course  o f  i n f e c t i o n ,  e i t h e r  by h i s t o l o g i c a l  and 
lymphocyte l a b e l l i n g  s tu d ie s  o r  by c h a r a c t e r i s a t i o n  o f  the e f f e c t s  
o f  d e p le t i n g  s p e c i f i c  c e l l  p o p u la t io n s  on s u r v i v a l  o f  the  worms.
The techn iques  f o r  t h i s  type o f  s tudy  e x i s t ;  whether  s u f f i c i e n t  
enthusiasm and resources w i l l  be a p p l i e d  to  t h i s  most d i f f i c u l t  stage in 
the  i n v e s t i g a t i o n  o f  t h i s  u n j u s t l y  neg lec ted  h o s t - p a r a s i t e  model 
remains t o  be seen.
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